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STATE  OF  INDIANA. 

DEPARTMENT  OF  GEOLOGY  AND  NATURAL  HISTORY. 

JOHN  CX)LLETT,  State  Geologist. 

OFFICE  AND  STATE  MUSEUM,  CORNER  OF  MARKET  AND  TENNESSEE  STREETS. 


INTRODUCTION. 


The  Geological  Survey. 


What  It  has  Accomplished  in  the  Economic  Interests 

of  the  State. 


It  is  proper  that  some  statements  should  be  made  as. to  the 
direct  results  of  the  workings  of  the  geological  department. 
One  of  the  most  important  is  the  development  of  the  vast  In- 
diana coal  fields.  Before  the  initiation  of  the  geological  sur- 
vey, Indiana  coal  was  used  only  for  blacksmithing  and  locally 
for  fuel.  The  examinations  made  proved  conclusively  its  purity 
and  general  good  qualities,  and  also  indicated  the  abundance  of 
the  supply.  Reports  were  issued  by  State  authority.  They 
were  read,  believed  and  quoted.  In  this  way  the  resources  of 
the  State  were  advertised  to  the  world,  and  the  attention  of 
capitalists,  miners  and  manufacturers  was.  attracted.  Before 
the  survey,  the  coal  lands  of  this  State  were  worth  from  $2  to 
$10  per  acre.  They  now  sell  readily  at  from  $50  to  $200  per 
acre,  while  Indiana  coal  is  used  to  a  very  large  extent  by  rail- 
roads   and  manufacturing  establishments,  and   for  household 
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VI  INTRODUCTION. 

purposes.  Not  only  have  its  uses  extended  over  our  owd 
State,  but  it  finds  a  profitable  market  in  our  neighboring  States^ 
and  extensive  shipments  are  made  as  far  west  as  the  State  of 
Kansas.  The  reports  issued  showing  the  good  quality  of  our 
coal  have  either  suggested  or  aided  the  construction  of  four  or 
five  important  railroads,  and  prepared  the  way  for  others. 

THE   GREAT   INCREASE   IN   VALUES. 

Placing  the  average  extent  of  counties  included  in  the  coal 
regions  at  250,000  acres,  the  increased  value  of  previously  un- 
productive land  would  exceed  $30,000,000,  and  adding  the  ben- 
efits  derived  from  the  setting  up  of  forges,  furnaces,  factories 
and  mills,  and  the  building  of  railways,  it  is  probably  within 
the  mark  to  state  that  the  aggregate  increase  in  values  result- 
ing  from  the  development  of  the  coal  fields  has  reached  $100,- 
000,000.  This  great  benefit  to  the  State  has  been  brouffht 
about  to  a  very  great  extent,  if  not  altogether,  by  the  labors  of 
the  geological  survey,  and  it  should  also  be  remembered  in  thia 
connection  that  the  money  invested  in  operating  ouf  coal  fields 
is  largely  foreign  capital  which  has  been  brought  within  our 
reach  for  the  purposes  of  taxation. 

Such  results  alone  represent  more  than  a  thousand  per  cent, 
profit  on  the  cost  of  the  survey.  But  many  of  the  equally 
suggestive  facts  remain  to  be  stated.  The  increased  shipments 
from  the  town  of  Brazil,  in  Clay  county,  represent  annually 
more  money  than  the  entire  cost  of  the  survey.  Ten  years  ago 
a  few  car  loads  per  annum  constituted  the  entire  export  trade  ; 
and  the  same  statement  holds  equally  true  in  regard  to  the- 
Washington  mines,  in  Daviess  county.  The  annual  shipments 
are  now  from  250,000  to  800,000  tons,  and  the  proprietors  of 
mines  are  glad  to  arm  themselves  with  analyses  and  letters  from 
the  State  Geologist  showing  the  purity  and  excellence  of  Indi- 
ana coal,  by  means  of  which  they  have  built  up  an  extensive 
shipping  trade,  while  the  cannel  coal  of  Daviess  county,  by 
reason  of  its  superiority  as  a  grate  fuel  and  for  its  illuminating- 
qualities,  now  commands  a  full  market  in  all  directions  outside 
of  this  State.  The  proprietors  of  coal  mines  are  very  frank  to 
acknowledge  the  benefits  derived  from  the  geological  survey. 

There  are  206  mines  in  nineteen  counties  of  the  State,  era- 
ploying  6,408  men,  producing  2,500,000  tons  of  coal,  requiring- 
a  capital  of  $1,600,000  for  the  present  year. 
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THE  BUILDINQ-STONB   QUARRIES. 

The  fact  that  Indiana  has  more  than  two  hundred  square 
miles  of  the  hest  building  stone  to  be  found  in  any  Western 
State,  if  not  in  the  world,  has  also  been  made  known  through 
the  work  of  the  Geological  Department..  This  stone  has  been 
found  in  great  variety  of  color  and  grade,  and  the  tests  ap- 
plied have  shown  it  to  be  of  such  enduring  strength  as  to  cre- 
ate a  large  demand.  In  this  way  another  channel  has  been  opened 
for  the  investment  of  large  sums  of  money  by  Eastern  capitalists, 
and  many  quarries  are  now  being  operated  by  skilled  workmen, 
with  the  aid  of  the  most  approved  machinery  and  tools.  The 
product  of  these  quarries,  which  a  few  years  ago  did  not  ex- 
ceed $^0,000  per  annum,  will,  during  the  present  year,  amount 
to  a  very  large  sum.  The  citizens  of  Owen,  Monroe,  Lawrenccf 
Washington,  Harrison  and  other  counties,  fully  appreciate  the 
assistance  they  have  received  from  the  geological  survey,  apd 
recognize  that  the  prospect  before  them  is  that  in  the  near  fu- 
ture the  increase  of  Indiana's  wealth  from  her  stone  quarries 
will  be  equal  to  that  resulting  from  the  successful  working  of 
her  coal  mines. 

NBW  LINBS  OF   RB8BARCH.  * 

If  proper  methods  were  adopted,  nearly  as  good  returns 
might  be  made  from  the  sale  of  clays  and  other  materials, 
*  which  are  at  present  almost  unknown.  The  fine  porcelain  clay 
of  Lawrence  county,  which  was  supposed  at  first  to  be  confined 
to  an  area  of  about  forty  acres  of  profitable  beds,  is  now 
found  to  extend  over  several  hundred  acres,  and  opens  up  a 
field  for  the  introduction  of  the  most  extensive  porcelain  man- 
ufactories in  the  United  States,  since  nowhere  else  is  a  clay 
found  of  such  a  pure  white  color  and  freedom  from  oxide  of 
iron.  Other  States  carefully  test  and  report  upon  their  medic- 
inal springs  and  derive  handsome  revenues  therefrom.  The 
Indiana  sulphur  waters  are  equal,  and  in  some  respects  superior, 
to  any  in  the  world..  It  would  pay  the  State  well  to  make  them 
more  widely  known,  as  the  eflTect  would  be  to  induce  our  own 
citizens  to  spend  their  money  at  home,  and  to  bring  extensive 
patronage  from  strangers  for  our  railways,  stage  coaches,  hotels, 
etc.  Indiana  could  readily  reap  a  profit  of  several  hundred 
thousand  dollars  per  annum  from  this  source. 
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WHAT  THB  REPORTS    HAVE   ACOOMPLISHBD. 

The  Geological  Reports  which  have  been  published  from  time 
to  time  have  gone  over  the  whole  land,  and  their  accuracy  has 
scarcely  been  questioned.  The  highest  scientific  authorities  of 
this  country  and  Europe  have  commended  them  as  meritorious; 
while  scientific  journals,  magazines,  and  newspapers  of  the 
Eastern  States,  England,  Germany,  and  France  have  copied 
extracts  with  commendation.  It  has  been  charged  that  these 
reports  are  advertisements.  The  results  show  that  they  have 
been  good  advertisements,  and  that  it  pays  Indiana  well  to  adver- 
tise in  that  way.  The  State  has  done  well  in  the  past  by  adver- 
tising her  resources,  and  will  do  still  better  by  continuing  it  in 
the  future.  Indiana  must  show  her  attractions — must  thrust 
her  invitations  into  the  hands  of  outsiders  to  enlist  them  in  her 
army  of  productive  citizens.  We  have  room  for  millions.  Our 
mines  and  quarries  are  only  opened.  Our  forests  ofiPer  the  best 
of  timber  to  the  workers  in  wood.  Our  farm  land  is  not  half 
improved.  We  not  only  have  room  for  emigrants,  but  we  need 
their  help. 

The  Ways  and  Means  Committee's  recommendation  of  an 
appropriation  of  $2,000  for  salary,  and  $4,000  for  expenses  of 
the  geological  survey,  would  be  a  cost  of  less  than  $45  per 
county,  or  three  cents  to  each  of  the  two  million  inhabitants  in 
the  State. 

Finally,  the  survey  has  been  a  good  educator.  It  enables 
every  one  to  understand  the  geology  of  his  county,  the  miner- 
als he  can  or  can  not  find;  saves  useless  and  expensive  search, 
and  sends  forth  men  so  posted  that  some  of  the  most  profitable 
enterprises  in  other  States  have  been  begun  and  conducted  by 
those  who  were  Hoosier  boys. 

Experience  has  shown  in  every  country  and  State  the  im- 
portance of  having  a  permanent  office  of  geology  and  natural 
history,  with  a  director  in  charge  who  is  able  to  give  strangers 
and  people  at  home  accurate  and  official  information  on  all 
subjects  relating  to  the  rock8,.clay8,  coals,  and  all  other  miner- 
als, especially  those  within  the  limits  of  his  jurisdiction,  and 
general  information  regarding  the  geological  and  mineralogical 
resources  of  all  other  portions  of  the  United  States.  Indeed, 
it  becomes  a  bureau  stored  with  important  information,  to  be 
furnished  gratuitously  to  all  who  seek  for  counsel  and  advice 
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in  matters  within  its  range.  Otology  is  a  department  of  nat- 
ural history  that  depends  on  investigation  and  developpients 
for  its  progress.  Evidences  which  tend  to  enrich  science,  that 
are  not  found  to-day,  may  be  found  to-morrow,  consequently 
the  science  is  being  daily  promoted  by  new  discoveries.  The 
geological  surveys  of  England,  Scotland  and  Ireland  have  been 
in  progress  for  at  least  fifty  years,  and  stttl  furnish  new  and 
important  information  to  promote  the  welfare  of  the  people. 
The  same  may  be  said  of  New  York:  while  extensive  field- 
work  has  been  stopped,  the  venerable  State  Geologist,  James 
Hall,  from  whose  labors  have  evolved  the  fundamental  nomen- 
clature of  geological  ^ochs,  which  serve  as  a  basis  for  Ameri- 
can geology,  still  holds  the  oflice  of  State  Geologist  and  finds 
plenty  of  work  to  do.  Pennsylvania  prosecuted  an  extensive 
survey  under  the  able  directorship  of  the  late  Henry  D.  Rogers, 
and  then  stopped,  under  the  mistaken  impression  that  his 
reports  exhausted  the  subject.  But  it  was  soon  discovered  by 
wise  statesmen  that  very  much  remained  to  be  done,  and  the 
work  was  reinstated  with  J.  Peter  Lesley  as  director.  He  is 
aided  by  a  large  corps  of  assistants,  and  the  work  is  being  car- 
ried on  with  admirable  detail  and  is  alike  creditable  to  science 
and  the  people  of  the  State,  whose  welfare  it  has  so  greatly 
promoted.  It  is  not  for  myself  that  I  speak,  when  expressing 
the  hope  that  the  Legislature  will  see  the  wisdom  of  keeping 
alive  the  geological  survey  of  Indiana,  but  for  the  people  of 
the  State,  whose  commercial  welfare  it  has  and  will  continue 
to  promote. 
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The  State  Geologist  in  offering  this,  bis  third  annual  report 
(Thirteenth  General  Eeport),  has  pleasure  in  presenting  to  the 
citizens  of  Indiana  the  Geological  Map  of  the  State,  which 
comprises  more  than  one  hundred  years  of  the  labors  of  him- 
self, of  his  predecessors  and  their  and  his  assistants,  compiled 
upon  a  single  sheet.  This  map  will  fill  a  want  imperatively  de- 
manded now  by  students  throughout  the  State  and  by  scientists. 
The  general  outlines  of  the  formations  will  be  found  to  be  cor- 
rect, but  future  investigations  may  point  out  some  minor 
changes  to  be  made  in  their  area. 

He  recurs  with  pleasure  to  the  work  of  Prof.  Leo  Lesquereux 
on  the  "Principles  of  Vegetable  Paleontology."  This  science 
is  scattered  through  fifty  difterent  books  of  high  price,  tiere, 
for  the  first  time,  it  is  gathered  in  a  small  space  that  will  en- 
able thousands  to  study  a  science  heretofore  accessible  only  to 
those  who  were  able  to  purchase  or  obtain  the  use  of  expensive 
and  rare  works  on  the  subject.  He  has  here  brought  together 
the  work  and  study  of  half  a  century  in  the  space  of  a  hundred 
pages.  It  is  a  triumph  that  Indiana  gives  this  offering  to 
science,  and  her  sons  and  daughters  should  appreciate  the  work  ' 
thus  advantageously  preserved. 

The  Fauna  of  the  Coal  Measures,  by  C.  A.  White,  United 
States  Paleontologist,  presents  the  animal  life  of  the  Coal 
Measures,  with  his  usual  energy  and  fidelity. 

These  combined  will  enable  the  boys  and  girls  of  Indiana,  as 
well  as  citizens,  to  know  where  coal  is,  and  where  it  is  not. 
Where  these  fossils  exist  coal  may  be  expected.  Where  they 
do  not  exist  coal  can  not  be  found.  The  rule  is  final  and  with- 
out appeal  or  variation.  These  papers  and  illustrations  are 
found  in  Part  II. 
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During  the  current  year,  1883,  surveys  have  been  made  by 
my  assistants  as  follows:  Morgan  county,  by  Ryland  T.  Brown, 
M.  D.;  Rush  county,  by  Moses  N.  Elrod,  M.  D.;  Johnson 
county,  by  Rev.  D.  S.  McCaslin;  Grant  county,  by  A.  J.  Phinny, 
M.  D. 

These  surveys  have  been  conducted  with  the  characteristic 
care  and  fidelity  of  my  assistants,  to  whom  merited  recognition 
and  thanks  are  returned. 

The  State  Geologist  has  continued  his  usual  service.  He  has 
done  the  routine  duties  .of  his  office,  answering  more  than  two 
thousand  letters  of  inquiry,  and  given  advice  and  opinions  upon 
subjects  of  every  branch  of  economic  science,  involving  the  in- 
vestment sometimes  of  thousands  of  dollars,  consuming  hours 
and  days  of  study.  In  addition  he  has  been  Chief  of  the  De- 
partment, Office  Assistant,  Secretary,  workman  and  errand 
boy. 

Besides  this,  he  has  made  field  examinations  in  the  North- 
vtestern  and  Southern  parts  of  the  State,  and  made  a  detail 
survey  of  Posey  county. 

His  time  has  been  fully  occupied,  compelling  a  large  amount 
of  work  outside  of  usual  business  hours. 

The  State  museum  has  constantly  increased.  In  silent  work 
it  instructs  many  of  the  fifteen  thousand  teachers  and  one  hun- 
dred thousand  students  of  the  State.  'In  Silurian,  Devonian 
and  Carboniferous  fossils,  and  Archeological  relics,  it  fairly 
rivals  the  favored  collections  of  other  States.  It  is  valued  by 
experts  at  over  one  hundred  thousand  dollars. 

His  term  of  office  expires  by  law  in  April,  1885.  He  earnestly 
urges  that  such  an  office  should  be  maintained  and  filled  by  a 
competent  man,  on  whom  citizens  may  call,  without  money  or 
pric^,  for  information  as  to  their  mistakes  or  discoveries,  and 
where  those  from  abroad  can  obtain  information  of  the  wealth 
and  resources  of  Indiana.  This  is  believed  to  be  more  impor- 
tant to  the  State  than  additional  field  work  or  Paleontological 
descriptions  and  discoveries. 

This  office  has,  in  the  past,  done  much  to  advance  the 
economic  interests  of  the  State.    More  can  be  done  in  the  future* 

By  careful  foresight  on  the  part  of  the  State  Geologist,  the 
last  report  was  produced  at  a  very  low  cost — less  than  $1  a 
volume.  In  other  States  such  reports  have  cost  from  $2  to  $16, 
averaging  $4.80  a  volume.     The  Department  is  proud  of  this  re- 


Digitized  by 


Google 


XII  yrOUK  OP  THE   DEPARTMENT. 

port,  and  the  high  favor  and  unqualified  commendation  it  has 
received  from  scientists,  not  only  at  home  and  in  our  sister 
States,  hut  also  in  Canada,  England,  Germany,  Australia  and 
other  foreign  countries.  The  demand  for  it  has  been  sufficient 
to  require  a  far  larger  number  than  the  law  limited  the  issue 
to.  These  reports,  as  well  as  those  issued  previously  by  this 
Department,  embodying  the  careful  and  efficient  work  of  my 
talented  predecessors,  are  in  great  demand  among  scientists  all 
over  the  world,  and  are  already  regarded  as  valuable  geological 
works,  and  have  now  become  rare  and  difficult  to  obtain. 

They  are  not  alone  contributions  to  the  science  of  the  age, 
but  enable  the  students  and  teachers  of  the  State  to  gain  access 
to  valuable  scientific  knowledge  at  a  nominal  cost,  while  the 
library  of  a  scientist  will  often  cost  from  $10,000  to  $20,000. 
It  is  believed  that  the  State  should  continue  this  course  until 
not  only  her  geology  is  accessible  to  her  sons  and  daughters, 
but,  adhering  to  her  duty  to  humanity  and  the  advancement  of 
knowledge  and  civilization,  such  reports  shall  also  embody  the 
botany,  conchology  and  each  branch  of  the  vertebrate  life  of 
the  State. 

A  comparison  of  the  cost  of  surjv^eys  in  Indiana  with  those 
of  other  States  will  show  that  the  work  has  been  performed 
here  at  a  minimum.  The  Ohio  Geological  and  Paleontological 
Eeports  cost  $3.47  a  volume.  The  Indiana  Report  of  1881,  the 
most  expensive  yet  produced,  cost  eighty  cents  per  copy,  while 
Illinois  Paleontology  cost  about  $3.00  per  volume.  Indiana,  at  a 
former  session  of  the  Legislature,  appropriated  $5,000  annually 
for  geological  surveys.  Georgia  appropriates  $10,000  annually ; 
New  York,  $25,000,  and  Pennsylvania,  $50,000. 

At  the  last  session  of  the  Legislature  an  appropriation  of 
$5,000  per  annum  was  reported,  and  passed  both  houses.  Im- 
mediately, by  telegraph,  orders  were  given  by  me  to  complete 
work  under  negotiation,  as  was  at  the  time  necessary.  By  ac- 
cident of  legislation  the  general  appropriation  bill  failed.  The 
Chief  of  the  Department  was  left  without  funds  for  expenses, 
with  mandatory  duties.  He  was  directed  by  law  *'  to  continue  the 
geological  survey  of  the  State  by  counties  or  districts,  to  give 
attention  to  the  discovery  of  minerals,  stone  or  other  natural 
substances  useful  in  agriculture,  manufacture  and  the  mechan- 
ical arts,"  and  ''  to  care  for  the  geological  cabinet,  museum,  ap- 
paratus and  library,  and  their  increase.'' 
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.  These  duties,  commanded  by  law,  required  the  expenditure 
of  cash  funds.  He  has,  by  extra  labor  at  his  own  hands,  re- 
duced these  expenses  to  a  minimum — ^below  their  real  worth — 
which  he  has  paid  out  of  his  private  funds,  and  shall,  at  the 
next  session  of  the  Legislature,  present  an  account  for  repay- 
ment. He  expects  that  every  citizen  who  is  satisfied  with  his 
reports  will,  as  a  committee  of  one,  see  his  Senator  and  Bepre- 
sentative  on  the  subject  of  repayment  and  making  a  perma- 
nent endowment  for  this  department. 

The  quota  of  Geological  Reports  for  each  county  are  distrib- 
uted through  the  respective  County  Auditors  to  citizens  and- 
township  and  public  libraries,  and  by  County  Superintendents 
to  teachers.  No  reports  are  sent  except  on  receipt  of  twenty 
to  twenty-five  cents  in  stamps — the  expense  of  mailing. 

The  following  shows  the  financial  exhibit  for  the  year  ending 
October  31,  1883,  but  it  must  be  observed  that  this  department 
has  had  no  public  funds  for  expenses  since  June,  1883,  so  that 
all  work  of  assistants  since  that  time  has  been  paid  by  the  State 
Geologist,  in  faith  that  future  legislation  will  reimburse  him. 


FINANCIAL  STATEMENT  FOR  THE  YEAR  ENDING  OCT.  31,  1883. 


State  of  Indiana, 

Department  of  Qeoloot  and  Natural  History, 

Indianapolis,  Ind.,  October  31, 1883. 


■) 


To  HU  ExeeileMy  Albert  Q.  Porter, 

Oovemor  of  Indiana: 

Sir  :  In  pureuanoe  of  caBtom,  I  have  the  honor  to  sabmit  the  following  **  de- 
tailed statement,  accompanied  with  the  proper  vouchers"  (Nos.  75  to  115  inclusive) 
of  and  for  all  moneys  expended  daring  the  fiscal  year  ending  October  31, 1883. 

auditor's  voucher,  no.  17. 
1882. 
Nov.  4.    Voucher  No.  75,  Qeo.  K.  Greene,  for  freight,  etc.  .       $4  29 . 
Oct  4.    Voucher  No.  76,  C.  Qehring,  for  broom  and  mop.         1  00 
Nov.  11.    Voucher  No.  77,  Am.  Express,  for  expressage  .   .         1  15 
Nov.  9.    Voucher  No,  78,  R.  T.  Brown,  for  Geological  Re- 
port of  Marion  county 100  00 
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auditor's  voucher,  ko.  17 — Gontinwd, 

Nov.  21.    Voucher  No.  79,  C.  E.  Beecher,  for  clerical  eer- 

vioes 26  00 

Nov.  8.    Voucher  No.  80,  Geo.  K.  Greene,  for  one  lot  of 

fofisilfl.  . 4  30 

'    Oct  31.     Voucher  No.  81,  E.  T.  Brown,  for  field  work  and 

Geological  Report  of  Marion  county 100  00 

Nov.  20.     Voucher  No.  82,  A.  J.  Phinney,  for  field  work  and 

writing  Geological  Report  of  Grant  County     .        65  00 
Nov.  31.    Voucher  No.  83,  D.  S.  McCaslin,  for  Geological 

Survey  of  Jay  county  .  60  00 

Nov.  31.  Voucher  No.  84,  John  CoUett^  office  expenses  .  .  9  06 
Nov.  21.  Voucher  No.  86,  C.  K  Smith,  for  clerical  aervioee  6  00 
Nov.  30-     Yaui  her  ^id.  ^6,  G.  K.  Greene,  for  work  in  mu- 

seuMi 66  00 

Nov.  30.    Salary  of  State  Oeolo/^iat  for  November 150  00 

$579  79 


AUDltOhlS  VOUCHBR,   NO.  18. 

Dec.  8.     Voucher  No,  864,  G  torge  L.  Curtis,  for  six  plates 

of  drawings 40  00 

Dec.  12.  Voucher  No.  87,  Dr,  Chas.  A.  White,  for  descrip- 
tioFiH  And  drttwing?  voul  measure  fossil-fauna — 
part  payment    .    .    .    , 300  00 

iVc.  15.  Voucher  No.  8H,  Conrnd  Gtehring,  for  office  fix- 
tures    1  86 

Dec-  25.     Voucher   No.  S9,  J.    A.   Wildman,  for  postage 

i*tATOp«. 20  00 

Dec,  27.     Vouehi-r  N'o.  m,  W.  De  M.  Hooper,  for  one  lot  of 

ftiseilfl. 30  00 

Dec.  30.     Voncbf»r  No.  91,  George  K.  Greene,  for  work  in 

muH^um 65  00 

Dec  30.     Voucher  No.  92,  WilJiam  A.  Green,  for  work  in 

tniji44i^uiti 18  00 

1883. 

Jan.  n.     Viiuchor  No,  03^  Leo  Ijo^quereux,  for  balance  on 

mtintiKTipt  oti  Vfjgi?  table  Palseontology.    .    .   .      200  00 

Jan,  1 1.     Voucher  No.  34,  Chas.  Jteece,  for  painting  doors.         7  00 

Jan.  11,     Voiroher  No,  95,  W.  It.  Burford,  printing   and 

stationery 151   13 

Jan.   20.      VuiK'her  No.  96,  Moses  N.   Elrod,  for  survey 

and  report  of  I)r?eiiUir  county 100  00 

Jan.  25.  Voucher  No.  97,  C-  A.  White,  for  descriptions 
and  tlrawingH  coal  measure  fossil-fauna — part 
paynjcnt.   .    ,    .    . 392  00 

Jan.  31,     Voucher  No*  S8,  William  A.  Green,  for  work  in 

museum .,  •        42  00 

Jaxu  31.     Voucher  No.  99,  George  K.  Greene,  for  work  in 

muHeum.   /.. 72  75 
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auditor's  vouchee,  no.  17— CorUmued. 
1882. 
l>ec  27.    Voucher  No.  100,  W.  B.  Burford,  for  photo  en- 
graving        278  00 

Dec  30.    Salary  of  State  Qeologist  for  December 150  00 

1883. 
Jan.  31.    Salary  of  State  Geologist  for  January 150  00 


2,017  73 


auditor's  voucher,  no.  19. 


Voucher  No.  101,  Ketcham  &  Wannamaker,  for 
altering  geological  map  of  Indiana 2  15 

Jan.  31.    Voucher  No.  102,  Lyman  Simonton,  for  foasils  .       30  00 
Voucher  No.  103,  Chae,  A.  White,  for  full  pay- 
ment       450  00     . 

Jan.  30.  Voucher  No.  104,  James  Hall,  for  writing  descrip- 
tions and  arranging  Vancleve  corals  and  ether 
work 300  00 

Jan.  25.    Voucher  No.  105,  E.  Emmons,  for  drawings  of 

fossils 15  00 

Jan.  25.    Voucher  No.  106,  Chas.  R  Beecher,  for  clerical 

work 30  00 

Feb.    1.    Voucher  No.  107,  A.  N.  Taylor,  for.  paper  boxes         7  50 

Feb.  15.    Voucher  No.    108,   Van    Benthuysen  Printing 

House,  for  electrotype 4  75 

F^.  16.    Voucher  No.  110,  John  M.  Obulter,  for  correcting 

proof 5  00 

Feb.  20.    Voucher  No.  Ill,  G.  B.  Simpson,  for  making 

drawings  of  fossils  ....*. 25  00 

Feb.  27.    Voucher  Na  112,  W.  De  M.  Hooper,  for  clerical 

services 66  25 

Feb.  14.    Voucher  No.  113,  John  T.  Campbell,  for  clerical 

services 30  00 

Feb.  28.    Voucher  No.  1 14,  John  CoUett,  for  express  and 

office  expenses 29  45 

Feb.  28.    Salary  of  .Sute  Geologist  for  February 150  00 

1,145  10 

auditor's  voucher,  no.  20. 

Mar.    2.    Voucher  No.  1 15,  John  Collett,  for  office  expenses     $71  00 

Salary  of  State  Geologist  foj^  March 150  00 

221  00 

aitditor'8  voucher,  no.  21. 
Apr!  10.    Voucher  No.  116,  John  CoUett,  for  office  expenses  12  93 

Total  of  special  appropriation  for  depart- 
ment exhausted  April  10, 1883    ....  $3  j)76  55 
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Salary  tif  State  Geologist  for  April $150  00 

Balary  of  Stute  Geologist  for  May 160  00 

Bal&ry  of  Sute  Geologist  for  June 160  00 

Sahiry  of  State  Geologist  for  July 160  00 

Salary  of  State  Geologist  for  August 150  00 

Sulary  uf  Btate  Geologist  for  September 160  00 

$900  00 

Grand  lot^l $4,876  55 

Respectfully  submitted, 
C^jtober  31 ,  1883.  JoHH  Ck)LLErr,  State  Geologist. 


Ofpicb  op  Auditor  of  State. 

This  financial  e^cbiUii  curresponds  with  the  books  in  the  office  of  the  Auditor  of 
Bute. 

JAa  H.  MCE, 
July  19,  1884.  Auditor  of  State. 


Executive  Department. 
Piled  June  28,  lgS4, 

F.  HL  BLACKLEDGE, 

Secretary. 
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GEOLOGICAL  MAP. 


The  accompanying  geological  map  of  Indiana  gives  a  fair  exhibit  of  the 
euT&Lce  geology  of  the  State.  It  is  a  compilation  of  all  the  labons  of  my 
distinguished  predecessors  and  their  assistants,  as  Owen,  Lawrence,  Brown, 
Cox,  etc.,  etc.,  also  of  myself  and  assistants.  To  all  workers  in  the  State 
and  amateurs  the  fullest  credit  and  acknowledgments  are  given. 

Much  of  the  geology  of  the  northern  and  northwestern  areas  is  given, 
not  accessible  before  the  surveys  of  Newtx)n  and  Jasper  counties.  The 
map  comprises  over  one  hundred  years  of  labor  and  study  of  these  devotees 
to  science,  but  as  well  the  results  of  thousands  of  ruiles  of  travel  with 
pick  and  hammer. 

In  every  dividing  line  between  formations,  outliers  will  be  found  to  the 
east  and  north  on  the  hill  tops ;  to  the  west  and  south  denuded  areas  will 
be  found  of  lower  strata. 

The  map  is  the  best  that  can  be  prepared  on  so  small  a  scale  now  ;  in 
the  future,  with  better  facilities  and  on  a  sectional  scale,  more  finished 
work  may  be  expected.  It  is  believed  that  it  will  be  appreciated  by  our 
citizens  as  a  chart  giving  years  of  study  and  labor,  condensed  in  a  single 
sheet,  and  invaluable  to  teacher,  student  and  citizen. 

The  sections  on  the  borders  of  the  map  exhibit  a  large  amount  of  labor 
and  observation.  The  vertical  sections  are  an  average  of  studies  along 
each  line  of  outcrop  and  the  deep  bores  in  all  divisions  of  the  State.  The 
horizontal  section,  from  Vincennes  to  Lawrenceburg,  shows  the  railway 
lines  of  the  Ohio  and  Mississippi  road,  the  sur^ce  rocks,  etc.  The  dip  is 
at  the  conventional  rate  of  30°,  as  the  dip  of  each  stratum  is  rapid  near  the 
rim  of  each  basin — from  40  to  100  feet  to  the  mile,  but  afterward  ranges  at 
10  to  20  feet  to  the  mile. 
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LOWER  SILURIAN. 


The  rocks  of  the  Lower  Silurian  age,  known  as  the  Hudson  River  or 
Cincinnati  group,  are  fotiiicl  in  the  southeastern  division  of  the  State,  ex- 
tending alsij  throughout  large  areas  in  Ohio  and  Kentucky.  They  are 
well  expoi^cd  in  tbe  bluiisi  of  the  Ohio  River,  extending  west  to  the  mouth 
of  FiFur  teen -mile  Creek,  in  Clark  county,  and  form  the  surface  rocks  in 
the  countiee  of  Wayne,  UnioD,  part  of  Fc^yette,  Franklin,  Dearborn,  Ohio, 
Ripley  imd  Switzerland.  In  several  of  the  adjoining  counties  to  the  west 
are  expogture^s  of  Lower  Silurian  in  ravines  and  deep  cuts,  as  on  the  ex- 
treme ejist  side  of  Clark,  Jefferson,  Decatur  and  Rush.  The  rocks  of  this 
formation  are  filled  with  well-preserved  fossils,  and,  by  decomposition,  form 
a  rich  and  highly  produ(.^tive  soil. 

UPPER  SILURIAN. 

Stmta  of  the  Upper  Silurian  formation  form  the  general  surface  rocks 
of  the  c^nrntiefi  immediately  west  and  northwest  of  those  in  the  Lower  Silu- 
rian, iiiebding  Adar»w.  Wells,  Huntington,  Wabash,  Miami,  part  of 
Ja!^{)er,  White,  Cass,  part  of  Carroll,  Jay,  Blackford,  Grant,  part  of  How- 
ard, Delaware,  Madifion,  Tipton  and  Hamilton,  Randolph,  Henry,  Han- 
cock, Kui^h,  Shelby,  Decatur,  the  eastern  part  of  Marion,  Bartholomew, 
Jennings,  Jetferdfin,  and  the  eastern  part  of  Clark  county.  The  Upper 
Silurian  strata  also  extend  uorth  and  northwest  from  these  counties  to 
the  north  era  lK>undary  of  the  State,  at  many  points  being  capped  by 
uneroded  areajr?  of  Dev^mian  age,  but  so  deeply  covered  with  bowlder  drift 
as  to  be  nirely  seen,  and  itjs  presence  is  more  known  by  t«st  bores  than  by 
outcrops  in  tjse  drift  district. 

Soilt^  derived  from  the  disintegration  of  rocks  of  this  age  are,  as  a  nile, 
cold,  heavy  elay^^  whioh,  when  drained,  produce  good  crops  of  wheat  and 
the  gntjsses. 
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DEVONIAN. 


The  Devonian  rocks  are  exposed  in  a  narrow  band,  commencing,  on  the 
south,  at  the  Ohio  River  in  Clark  and  Floyd  counties,  and  extend,  thence, 
north  and  west  through  the  counties  of  Scott,  Jackson,  Bartholomew, 
Johnson,  Marion,  Boone,  Clinton  and  Carroll,  with  local  exposures  in 
Tippecanoe,  Cass,  White  and  Jasper,  Miami,  Wabash,  parts  of  Shelby, 
Jennings,  Jefferson  and  Jackson.  From  fossils  collected  in  the  drift  area, 
to  the  the  north  and  west  and  from  test  bores,  it  is  known  that  Devonian 
rocks  have  been  more  or  less  eroded,  but  once  covered  much  of  the 
northern  third  of  the  State,  and  at  many  points  they  are  still  in  place. 

LOWER  CARBONIFEROUS  OR  MOUNTAIN   LIMESTONE. 

Rocks  of  the  Lower  Carboniferous  series  form  the  surface  strata  in  a  wide 
belt  west  of  the  Devonian  and  east  of  the  Coal  Measures,  and  these,  for 
the  most  part,  constitute  the  rocky  exposures  of  the  counties  of  Harrison, 
Crawford,  Orange,  Washington,  Lawrence,  Brown,  Monroe,  Owen,  Mor- 
gan, Putnam,  Hendricks,  Montgomery,  Tippecanoe  and  Benton,  with 
parts  of  Perry,  Floyd  and  Jackson.  The  eastern  line  of  this  belt  is  com- 
posed of  shales  and  sandstones  of  the  Knobstone  group,  while  adjoining 
on  the  west  are  the  great  cavernous  limestones  of  the  State,  so  well  ex- 
hibited in  the  southern  counties,  but  which  thin  out  to  a  few  feet  at  the 
north.  The  soil  of  this  district  is  remarkable  for  its  growth  of  cereals  and 
grasses. 

COAL  MEASURES. 

The  rocks  of  the  Coal  Measures  are  found  in  the  counties  of  Posey,  Van- 
derburg,  Warrick  and  Spencer,  the  western  parts  of  Perry  and  Crawford, 
in  Gibson,  Pike,  Dubois,  Knox,  Daviess,  Martin,  Sullivan,  Greene  and 
Clay,  the  western  part  of  Owen,  and  in  Vigo,  Parke,  Vermillion,  Foun- 
tain and  Warren,  with  a  projection  in  a  narrow  band  of  Coal  Measure 
rocks  (Conglomerate  sandstone),  underlaid  by  thin  beds  of  Keokuk  lime- 
stone and  Knobstone  shales  of  the  Lower  Carboniferous  group,  extending 
from  the  northern  part  of  Warren  county,  in  a  northeasterly  direction 
across  Benton,  and  terminating  near  Rensselaer,  in  Jasper  county,  where 
the  Conglomerate  is  massive.  It  is  probable  that  this  projection  is  not 
continuous,  but  interrupted  at  intervals. 

It  is  apparent,  therefore,  that  the  Lower  Silurian,  being  the  oldest  rocks 
brought  to  the  surfece,  underlie  all  the  more  recent  rocks  which  in  suc- 
cession have  been  deposited  upon  or  about  it  during  the  different  ages  of 
the  earth's  existence.  A  shaft  or  bore  put  down  in  the  western  part  of 
Gibson  county  would  pierce,  in  succession,  all  the  geological  formations  of 
the  State,  and  would  show  the  approximate  depth  of  each. 
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Humanity,  in  its  progress,  has  passed  its  infancy — the  Age  of  Stone  ; 
its  boyhood — the  Age  of  Bronze  ;  its  young  manhood — the  Age  of  Iron  ; 
and,  with  wondrous  achievements,  its  ripening  manhood — the  Age  of 
Gold  and  Silver.  To-day,  armed  with  all  the  glories  of  the  past,  its 
cycles  of  thought  and  labor,  and  advancing  with  the  momentum  of  all 
the  Ages,  we  stand  upon  the  summit  of  these  thoughts  and  works,  and, 
boldly  invading  the  future,  achieve  the  Age  of  Steel — of  quick,  exact 
thought  and  realizations.  Every  work  of  forest,  farm,  field  and  commerce 
requires  this  adjutant,  grander  and  greater  than  gold  or  silver,  and  wel- 
comes the  aids  of  science  and  steel. 

Steam  is  the  soul  and  spirit  of  our  past  advancement ;  at  every  step  its 
voice,  tame  as  the  sigh  of  love,  terrible  as  the  cyclone,  is  heard,  but  the 
food,  the  nerving  fire  that  drives  the  great  advances  of  progress,  civiliza- 
tion, Christianity  and  happiness,  is  Coal. 

I  am  indebted  for  arrangement  and  compilation  of  many  succeeding 
fiujts  to  favor  of  Oscar  F.  Mayhew,  to  whom  thanks  are  returned. 

COAL. 

The  Coal  period  was  the  grand  culmination  of  the  earth's  existence. 
Long  ages  were  required  to  reach  it,  and  ages  upon  ages  to  pass  it.  From 
what  is  known,  coal  is  the  result  of  slow  chemical  action  upon  vast  bodies 
of  vegetable  growth,  accumulated  under  conditions  favorable  to  the  con- 
densation of  its  carbon  and  hydrogen  into  solids  embodying  more  or  less 
of  the  latter  element,  and  forming  the  anthracite,  or  pure  carbon,  and 
the  bituminous,  or  hydro-carbon,  coals  as  we  find  them — though  the  an- 
thracite is  the  result  of  subsequent  elimination  of  the  volatile  matter 
from  previously  formed  bituminous  coal.  As  a  hint  of  the  vast  period  of 
time  and  immense  quantity  of  vegetation  required  for  the  formation  of 
the  Coal  Measures,  **  all  the  forests  of  the  Mississippi  Valley  could  not 
furnish  to  the  sea  from  their  river  spoils,  during  a  hundred  thousand 
years,  one  of  the  anthracite  beds  of  Schuylkill  county,  Pennsylvania." — 
Lesley, 

The  great  economic  value  of  coal  to  man  can  not  be  estimated,  and  i& 
the  justification  for  repeated  attention  to  it  in  these  Reports.  Until 
something  better   (electricity  perhaps)   shall  be   controlled  and   made 
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subservient  to  the  production  of  light  and  heat,  coal  must  rank  as  only 
second  to  the  food  we  eat  in  its  relation  to  man's  necessities.  It  has  made 
ocean  steam  navigation  not  only  a  possibility  but  a  grand  success.  It  has 
rendered  practicable  the  building  and  profitable  operation  of  vast  systems 
of  railways,  until  they  ramify  into  every  civilized  quarter  of  the  globe, 
in  the  more  densely  populated  parts,  forming  a  network  of  connections 
and  establishing  stations  in  close  proximity  to  the  homes  of  millions  of 
people,  cheapening  transportation,  diffusing  and  equalizing  the  benefits  of 
manufactures  and  traffic,  opening  up  vast  tracts  of  new  country  to  settle- 
ment and  cultivation,  and  reaching  out  to  newer  and  cheaper  sources  of 
iron,  timber,  stone  and  hundreds  of  other  raw  materials  that  contribute 
to  man's  progress  and  enjoyment.  It  makes  the  steam  that  operates  mil- 
lions  of  machines,  facilitating  and  lightening  labor,  and  increasing  and 
cheapening  biUions  of  mechanical  productions.  It  makes  the  iron  that 
enters  into  all  these.  It  furnishes  the  light  for  the  streets  and  business 
places  of  hundreds  of  towns  and  cities  and  thousands  of  homes.  It  cooks 
the  food  and  warms  the  abodes  of  millions  of  people.  And  when  invent- 
ive genius  shall  have  devised  appliances  for  its  perfect  combustion  and 
consequent  better  utilization,  its  already  immense  value  will  be  more  than 
doubled. 

Anthracite  coal,  of  which  none  exists  in  this  State,  is,  when  free  from 
impurities,  a  pure  carbon,  very  hard,  difficult  to  ignite,  burns  slowly,  un- 
der a  moderate  draft,  with  a  light  bluish  flame,  evolving  carbonic-oxide 
gas.  Its  waste  in  burning  in  the  stoves  and  furnaces  in  common  use  is 
67  per  cent,  of  its  heat  value,  in  the  uncombined  gas  that  is  carried  off  by 
the  smoke  flue. 

Bituminous  coal,  of  which  Indiana  has  7,000  square  miles,  is,  when 
free  from  impurities,  nearly  pure  hydro-carbon  in  varying  combination, 
easily  ignited,  evolving  nearly  pure  carburetted  hydrogen  gas,  that  bums 
with  a  luminous  and  more  or  less  ruddy  flame.  The  bituminous  coals  are 
utilized  for  illuminating  as  well  as  heating  purposes.  On  account  of  the 
volatile  matter  contained  in  them,  they  are  wasted,  even  in  the  best  con- 
structed furnaces,  at  the  rate  of  more  than  75  per  cent,  of  their  heat-pro- 
ducing capability. 

Although  there  is  considerable  variety  in  the  coals  found  in  Indiana, 
ranging  from  the  non-caking  block,  or  splint,  through  all  the  grades  of 
caking  up  to  the  most  highly  bituminous,  including  cannel,  affording,  in 
abundance,  varieties  best  adapted  to  steam  and  gas  making  and  domestic 
and  metallurgic  purposes,  yet,  for  some  of  these  and  other  purposes,  it  be- 
comes necessary  or  advantageous  to  convert  it  into  coke.  Since  the  dis- 
covery and  development  of  the  bituminous  or  caking  coals,  and  before  the 
discovery  of  the  block  or  non-caking  coal,  coke  was  principally  used  in  the 
blast  furnace  and  cupola  of  the  iron  founder,  and,  except  in  this  State,  is 
stiU  generally  so  used.     Block  coal  is  used  in  the  cupola  here.     The 
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principal  object  of  coking  is  to  get  rid  of  the  sulphur  that  is  contained  in 
most  coals,  and  to  provide  a  fuel  that  will  not  cake,  or  become  paicked, 
under  the  weight  ot*  the  superincumbent  mass,  so  that  the  heat  may  freely 
permeate  every  part.  Sulphur,  whether  in  the  coal  or  the  ore,  destroys 
the  tenacity  and  malleability  of  the  iron. 

Coke  is  the  solid  carbon  and  ash  of  coal,  and  is  produced  by  driving  off 
the  volatilizable  constituents,  as  the  water,  hydrogen,  sulphur,  etc.  This 
is  done  by  heat,  in  ovens  built  for  the  purpose,  though  the  primitive,  waste- 
ftil  method  of  coking  in  pits  made  of  earth  is  still  in  use  in  some  places. 
The  volatile  matters  driven  off  are  nearly  one-half  by  weight,  but  their 
expulsion  does  not  lessen,  materially,  the  volume,  though  this  varies  with 
the  method  of  coking.  Under  pressure,  with  a  slow  fire  at  beginning  and 
until  the  the  sulphur  is  driven  off,  followed  by  a  brisk  fire,  the  product 
will  be  a  hard,  heavy,  bright  coke  that  has  a  ring  when  struck,  while  a 
smouldering  fire,  without  pressure,  yields  a  dark,  spongy  product. 

Indiana  is  highly  favored  in  having  many  hundreds  of  square  miles  of 
the  best  natural  fuel  in  the  world  for  the  reduction  of  iron  ore  in  the  blast 
furnace,  in  her  non-caking  block  coal,  as  well  as  in  the  vast  area  of  coal 
adapted  to  making  excellent  coke. 

COAL   PRODUCTS. 

**The  readiness  shown  by  the  elements  of  coal  to  enter  into  new  combi- 
nations where  it  is  exposed  to  an  increase  of  temperature,  and  the  great  va- 
riety of  combinations  obtained  under  different  degrees  of  heat,  or  by  the 
admission  or  exclusion  of  air,  indicate  the  close  relation  of  coal  to  the  ele- 
ments of  the  vegetable  kingdom.  It  consists  of  carbon,  hydrogen,  oxy- 
gen and  nitrogen,  which  make  up  the  great  bulk  of  vegetable  matters, 
and  these  show  the  same  disposition  as  in  the  plants  themselves  to  sepa- 
rate from  existing  combinations  and  enter  into  new.  The  number  of  new 
products  thus  formed  is  almost  unlimited.  They  differ  from  one  another 
and  from  the  original  substance  from  which  they  are  generated,  as  do 
those  obtained  in  the  processes  of  vegetable  fermentation.  When  heat  is 
applied  without  access  of  air,  the  vapor  of  water,  set  free,  acts  on  the 
existing  combinations  of  the  elements.  These  are  broken  up,  and  hydro- 
gen and  oxygen  are  evolved  under  the  most  favorable  circumstances,  in 
their  nascent  state,  to  form  new  compounds  with  the  carbon  present,  the 
characters  of  which  vary  greatly  with  the  temperature.  The  process  is 
called  dry  distillation.  By  keeping  the  retorts  in  which  it  is  conducted  at 
a  cherry-red  heat,  the  gases  used  for  illumination  are  most  copiously 
evolved,  the  tar  itself  being  decomposed  and  converted  into  gaseous  mat- 
ters. But  if  the  object  is  to  obtain  the  coal  oils,  parafine,  benzole  and 
other  hydro-carbons  of  this  nature,  care  is  taken  that  the  retorts  are  heated 
very  gradually,  and  do  not  acquire  more  than  a  low,  red  heat.  The  tarry 
matters  thus  escape  decomposition,  and,  by  repeated  distillations,  afford 
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crude  naptha  and  its  secondary  products.  Coal  tar  was,  for  a  long  time, 
a  troublesome  product  of  the  gas  works,  no  useful  application  of  it,  to  any 
great  extent,  being  known.  It  was  employed  as  a  covering  to  protect 
iron  work  exposed  to  the  weather,  and  the  pitch  obtained  by  distilling  it 
was  found,  when  mixed  with  earthy  matters,  to  be  a  good  substitute  for 
the  natural  product,  asphaltum,  used  for  artificial  pavement,  water-tight 
covering  for  roofe,  etc.  Finally,  the  tar  came  to  be  an  object  of  purchase 
by  tar  distillers,  who  learned  to  extract  from  it  the  crude  naptha  and  also 
the  light  oily  fluids.  The  pitch,  too,  by  repeated  distillations,  was  made 
to  yield  more  oily  matters,  which  are  useful  for  lubricating  machinery  and 
other  purposes.  The  crude  naptha  is  now  purified  by  mixing  it  with  a 
tenth  its  bulk  of  concentrated  sulphuric  acid,  adding,  when  cold,  five  per 
cent,  of  peroxyde  of  manganese,  and  distilling  ofi*  the  upper  portion.  A 
rectified  naptha  is  thus  obtained,  which  readily  dissolves  caoutchouc,  and, 
mixed  with  wood  naptha,  produces  a  powerful  solvent  of  various  resinous 
substances  useful  in  making  varnishes.  Still  further  purified,  the  liquid 
benzole  i«  obtained,  which  has  been  applied  to  many  useful  purposes. 
The  light  essential  oils,  as  also  the  heavier  qualities  which  come  over  after 
these,  are  found  to  possess  antiseptic  properties,  which  render  them  of 
value  for  preserving  wood  from  decay.  From  the  essential  oils,  the  tar 
creosote  or  carbolic  acid  is  obtained,  which  possesses  extraordinary  anti- 
septic properties,  and  is  used  in  the  preparation  of  a  valuable  dye-stuff, 
carbazotic  acid.  The  heavy  oil  yields  a  substance  called  aniline,  which 
gives,  with  bleaching  powder  and  other  agents,  a  magnificent  blue  color, 
and  is  employed  in  dyeing.  Napthaline,  also  (which  is  a  solid  white  sub- 
stance, obtained  in  large  quantities  in  the  distillation  of  the  tar),  yields 
two  coloring  matters — one  called  napthalic  acid  and  the  other  chloro-nap- 
tbalic  acid,  the  latter  of  which  is  nearly  identical  with  the  coloring  prin- 
ciple of  madder,  and  gives,  with  alkalies,  a  beautiful  red  color.  Instead 
of  napthaline,  by  conducting  the  distillation  at  a  lower  temperature,  may 
be  obtained  the  waxy  substance  of  parafine,  which  is  now  used  for  the 
manufacture  of  candies  and  the  parafine  oils.  *  *  *  By  oxidizing 
aniline  with  bichromate  of  potash,  a  bronze-colored  substance  is  produced, 
dissolving  in  alcohol  with  a  beautiful  purple  color.  In  concentrated  sul- 
phuric acid  its  solution  is  green.  On  adding  water,  and  precipitating 
with  an  alcoholic  solution  of  potash,  the  coloring  matter  is  precipitated 
unchanged.  It  is  of  intense  hue,  and  considered  as  good,  if  not  better, 
than  archil.  It  is  very  stable,  not  being  decomposed  at  a  temperature  of 
482^  Fahr.  One  pound  of  the  solid  ^substance  will  dye  200  pounds  of 
cotton  a  moderately  dark  lilac,  the  color  standing  well  the  action  of  light 
and  heat,  acids  and  alkalies." — Amer,  0yd, ,  Vol.  4^  jpage  752, 

Coal  oils  have  been  made  from  the  cannel  and  other  fat  coals,  and  also 
from  the  bituminous  shales,  which,  until  late  years,  were  considered 
worthless;  but  the  wonderful  production  of  petroleum  renders  their  man- 
ofiusture  unprofitable.  -^  t 
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LOCOMOTIVE  USE  OF   COAL. 


Tke  world,  in  an  economic  sense,  is  made  up  of  little  things.  Like 
building  a  house,  it  is  only  one  brick  on  another.  As  an  illustration  of  the 
importance  of  detail* in  all  the  affairs  of  life,  the  following  is  copied: 

HOW  GREAT  THINGS  ARE  DONE. 

Success  in  great  things  generally  depends  upon  the  care  and  faithful- 
ness with  which  all  the  little  details  are  done.  This  is  true,  whether  it  be 
a  sermon  or  a  shoe  factory,  a  play  or  a  printing  house,  a  picture  or  a  war. 

The  fact  is  strikingly  illustrated  by  a  description  of  the  manner  in 
which  the  fastest  railroad  train  on  the  continent  is  run  between  New  York 
and  Philadelphia,  as  described  in  the  American  Machinist : 

"To  accomplish  the  distance  in  the  time  requires  the  most  minute  su- 
pervision— the  engine,  even  down  to  the  oil  cana,  must  be  in  perfect  or- 
der, the  brake  air-pump  working,  the  valves,  joints  and  reservoirs  in  exact 
condition.  To  pass  over  what  would  be  obviously  necessary  in  the  skill 
and  judgment  of  the  engineer,  there  is  the  skill  of  the  fireman  alone, 
whose  neglect  would  cause  a  serious  difference  in  the  time  which  the  train 
is  obliged  to  make.  His  coal  is  all  broken  into  lumps  of  equal  size ;  it  is 
to  be  pitched,  while  the  engine  rocks  and  leaps,  to  the  right  spot  in  the 
fire-box  ten  feet  long ;  only  one  shovelful  is  thrown  in  at  a  time,  so  the 
fire  is  not  choked  with  fuel,  as  it  would  l)e  by  an  unskillful  fireman ;  but 
every  two  minutes  in  goes  the  right  quantity  at  the  right  spot,  and  the 
door  closed  quickly. 

"When  the  engine  arrives  at  its  destination  there  are  only  a  few  inches 
of  glowing  coals  left,  so  accurate  is  the  calculation  by  which  the  steam  in 
the  boiler  is  kept  to  an  exact  and  steady  degree  of  temperature,  and  the 
very  highest  service  got  of  the  engine  in  consequence.  It  is  in  this  way 
invariably  that  great  and  substantial  achievements  in  every  department  of 
life  are  gained.'* 

CONNECTED  SECTION  OF  THE  COAL  MEASURES  IN  INDIANA. 

0  to  20  feet.  Buff,  brown,  mottled,  flaggy  sandstone. 
Merom  sandstone,  upper  division  shaly. 
Merom  sandstone,  massive. 

Gray  or  buff  shales  and  flaggy  sandstone,  ripple  marked. 
Hard,  clinky,  gray  limestone,  sometimes  flinty;  to  the 

west  a  calcareous  shale. 
Argillaceous  shale  and  shaly  sandstone. 
Black  slate  with  fish  spines  and  fossils. 
Second  rash  coal. 
Fire  clay. 
Gray  shales. 
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Yellow,  ferrugineous  limestone,  passing  to  calcareous  shale 

or  clod,  in  the  west. 
Gray  shale. 

First  rash  coal  and  black  slate. 
Fire  clay. 
Flaggy,  blue,  buff  and  gray  sandstone,  with  much  gray 

shale  and  beds  of  clay  iron-stones. 
Yellow  aixd  gray  sandstone  quarry  beds. 
Black  slate,  or  clod,  with  fossils. 
Coal  N.     Choice,  gassy,  caking. 
Fire  clay,  shaly  at  bottom,  with  pyrite. 
Brown  or  gray  limestone,  with  Chcetetes, 
Gray  or  white  shale,  with  bands  of  sandstone.  . 
Siliceous  shale,  passing  to  massive  sandrock  at  the  south 

and  west.     **  Anvil  Rock,"  of  Dr.  Owen. 
Black  slate  and  clod,  with  many  animal  and  vegetable 


Coal  M. 

Fire  clay. 

Shale,  with  balls  of  pyrite.   , 

Brown,  compact  limestone. 

Argillaceous  sandstone. 

Gray  shale  and  soapstone. 

Soapstone  crowded  with  plant  remains. 

Coal  L. 

Fire  clay. 

Siliceous  shale  and  coarse,  massive  ferrugineous  sandstone. 

Bituminous  limestone  and  black  slate. 

Coal  K. 

Fire  clay. 

Gray  shale  and  soft  sandstone. 

Coal  I.     Main  **  Block." 

Fire  clay. 

Dark  shales. 

Coal  H. 

Fire  clay  and  shale. 

Coal  G. 

Shale  and  sandstone. 

Coal  F.     Lower  **  Block." 

Sandstone  and  gray  shales. 

Coal  B.     Part  **  Block"  and  splinty  cannel. 

Fire  clay. 

Siliceous  shale  and  coarse,  soft  sandstone. 

Massive  conglomerate  gritstones. 


Block  coal  (local.) 
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Black,  aluminous,  pyritous  shale,  highly  ferruginous. 
Black  slate. 
Coal  A.     Impure. 
Fire  clay. 

Dark  pyritous  shale,  with  ferruginous  clays.     Kaskaskia 
limestone,  Chester  group.    Lower  Carboniferous  period. 

FUEL  VALUES  OF  COAL. 
HEAT    UNITS — STEAM    VALUES. 

The  State  Geologist  is  indebted  to  Dr.  G.  M.  Levette  for  the  prepara- 
tion of  the  following  tables  of  the  heat  units  and  steam  values  of  the  coals 
of  Indiana  and  other  competing  regions. 

Prof.  John  (Mett,  State  Oeologist: 

Sir — Herewith  you  will  find  a  compilation  of  all  the  analyses  of  Indi- 
ana coals  given  in  the  reports  of  Dr.  David  Dale  Owen,  Prof.  Richard 
Owen  and  Prof  E.  T.  Cox,  comprising,  in  the  aggregate,  390  examples; 
also  two  analyses  of  peat  from  the  north  end  of  the  State.  In  addition, 
for  comparison,  are  given  fifty-six  examples  of  coal  analyses  from  Ohio, 
Pennsylvania,  Kentucky,  Illinois,  Missouri,  Iowa  and  other  States  and 
Territories,  not  forgetting  the  widely  known  Newcastle  coal  of  England 
and  the  Albertite  of  New  Brunswick.  In  all  cases  the  authority  is  given 
in  the  heading  of  the  tables  or  in  the  column  under  **  Remarks." 

The  figures  in  the  column  headed  **  Units  of  Heat"*  indicate  the  pounds 
water  one  pound  of  the  coal  will  raise  from  39^  to  40^.  As  an  example, 
one  pound  of  coal.  No.  1,  of  the  tables  (Barnett's  mine)  will  raise  the 
temperature  of  8086  pounds  of  water  1°  Fahr.,  or  4043  pounds  2°  or 
44.9  pounds  from  32°  to  212°. 

The  units  of  heat  in  any  fuel  are  calculated  from  the  per  cent,  of  car- 
bon and  hydrogen  contained  in  it. 

The  rules  for  these  calculations  are  deduced  from  numerous  experiments, 
through  several  years,  by  MM.  Scheurer-Kestner  and  C.  MeunieivDoU- 
fuss,  who,  following  the  line  of  investigation  instituted  by  Favre  and  Sil- 
berman,  devised  a  modification  of  their  calorimeter,  by  which  the  theo- 
retical and  experimental  calorific  value  of  fuels  were  made  to  coincide  so 
closely  that  approximately  correct  multipliers  were  established  for  each 
per  cent,  of  carbon  or  hydrogen  found  by  chemical  analjrsis  in  a  fuel. 

The  column  headed  **  Steam  Value"  gives  the  gallons  of  water  that  one 
ton  (  2,000  pounds)  of  the  coal  will  raise  from  100°  F.  to  steam,  at  atmos- 
pheric pressure.     For  example,  2000  pounds  of  coal.  No.  2,  of  the  table 

^  A  unit  of  heat  is  the  qa&ntity  of  be&t  required  to  raise  the  temperature  of  one  pound  of 
water  horn  Sd**  to  40°  Fahr.,  99^  being  the  temperature  of  greatest  density. 
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(  Garlic  &  Collins)  will  convert  1396  gallons  of  water  into  steam,  starting 
with  the  water  at  100°  F.,  a  temperature  at  which  many  heaters  deliver 
water  to  the  boilers. 

All  the  calculations  under  the  head  of  **  Steam  Value,"  and  all  in  black 
feoe  type,  under  **  Units  of  Heat,"  were  made  specially  for  this  report, 
while  all  other  figures  in  the  following  tables  were  copied  from  the  author- 
ities given  in  the  headings  or  in  the  column  under  **  Remarks." 

The  first  analyses  of  Indiana  coals  of  which  I  find  any  record,  were 
made  by  Dr.  David  Dale  Owen,  in  his  laboratory  in  New  Harmony,  by 
authority  of  an  act  of  the  Legislature  **  to  provide  for  a  geological  survey 
of  Indiana,"  approved  February  6,  1837.  Wood  bemg  more  of  a  burden 
than  a  blessing,  at  that  time,  in  most  parts  of  the  State,  its  extreme  low 
price  rendered  coal  mining  unprofitable  and  unnecessary;  but  few  coal 
.banks  were  known,  simple  outcrops  along  streams  or  valleys  having  at- 
tracted the  attention  of  settlers.  It  was  from  these  few  exposures  Dr. 
Owen  took  his  samples  and  made  his  analyses. 

In  1859,  the  Legislature  of  Indiana  authorized  **  a  geological  reconnois- 
sance  of  the  State."  Dr.  D.  D.  Owen  was  again  made  State  Geologist. 
His  death  occurring  soon  after  the  appointment,  his  principal  assistant. 
Professor  Richard  Owen,  made  the  report  in  which  is  found  analyses  of 
twenty-two  examples  of  coal. 

In  1869,  the  Legislature  provided  for  a  geological  survey.  Professor  E. 
T.  Cox  was  appointed  State  Geologist,  and  served  in  that  capacity  until  the 
spring  of  1879,  during  which  time  all  the  important  coal  banks  or  mines 
in  the  State  were  visited,  samples  selected  and  analyses  made,  363  of 
ii?hich  are  given  in  the  following  tables. 

All  of  which  is  respectfully  submitted  by 

Yours  truly, 

G.  M.  Levette." 
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COMPAEISON  OF  INDIANA  BLOCK  COALS  WITH  ILLINOIS  COALS. 

The  following  exhibit  of  fuel  values  of  Indiana  coals  and  those  of  Illi- 
nois, prepared  by  Prof.  E.  T.  Cox,  in  1876,  has  never  been  officially 
published.  The  present  State  Geologist  has  pleasure  in  availing  himself 
of  the  labors  of  his  efficient  predecessor: 

H,  G.  Sleight t  Indianapolis: 

Dear  Sir — ^The  following  is  the  result  of  the  analyses,  made  in  the  lab- 
oratory of  the  State  Geologist,  of  the  three  .samples  of  coal  which  you 
brought  to  rae  for  that  purpose ; 

No.  1.  Block  coal.  Taken  at  random  from  a  car  load,  shipped  from 
Brazil,  Clay  county,  Ind. 

No.  2.  From  Wilmington,  111.,  on  the  Chicago  &  Alton  R.  R.  Sam- 
ple taken  from  the  delivery  at  Chicago. 

No.  3.  Minonk  Coal,  111.,  on  the  Illinois  Central  R.  R.  Also  taken 
from  the  delivery  at  Chicago. 

No.  1  is  an  ordinary  sample  of  block  coal.  No*.  2  is  a  glossy,  jet- 
black  caking  coal,  with  specks  and  scales  of  pyrites.  No.  3  is  a  very 
brilliant  black  caking  coal,  which,  when  broken,  shows  numerous  mark- 
ings of  sulphide  of  iron. 

A  large  lump  of  each  sample  was  reduced  to  fine  powder  and  kept, 
well  stoppered,  in  separate  bottles.  From  these  bottles,  which  contained 
proper  average  samples  of  the  coals,  the  quantities  were  taken  necessary 
to  complete  the  separate  processes  to  which  a  coal  must  be  subjected  in 
order  to  point  out  its  commercial  value.  For  convenience,  these  coals 
will  now  be  referred  to  by  the  numbers  given  above.  The  results  are 
given  in  100  parts  of  coal : 

NO.  ONE.      INDIANA  BLOCK   COAL. 

Specific  gravity,  1.285.     A  cubic  foot  weighs  80.31  lbs. 

Fi^;<rcaIboo: : : ::;:::::  d:^}    coke,  59.00  per  cent. 

Volatile  matter 32.50 

Water 8.50 

100.00 

Iron 0.82 

Alamina 1.20 

Silica,  lime  and  magnesia 0  48 

Aeh 2.60 

Digitized  by  VjOOQ IC 


36  STEAM    VALUE   OF   INDIANA   COAL. 

Total  sulphur.  1.43.  The  iron  is  combined  with  0.947  of  sulphur, 
leaving  0.483  of  sulphur  combined  with  the  other  constituents  of  the  ash 
and  carbon.  This  coal  contains  7424  calculated  heat  units,  and  one  pound 
will  convert  11.4  pounds  of  water  from  0°  Cent.  (32°  Fahr. )  into  steam 
at  100°  Cent.  (212°  Fahr.). 

NO.    TWO.       WILMINGTON   COAL. 

Specific  gravity,  1.248.     A  cubic  foot  weighs  78  lbs. 

Kx4dl-rbon    ::::::.::    aIm]         Coke,52..50  per  cent. 

Volatile  matter 37.00 

Water 10.00 


,     100.00 

Total  amount  of  sulphur  in  this  coal,  4.74  per  cent.  Iron  4.34  per 
cent.  =9. 298  of  pyrites;  this  would  be  in  excess  of  the  sulphur,  so  that 
all  the  iron  does  not  exist  as  sulphide.  The  ash  is  composed  of  iron  4.34 ; 
silica,  2.16. 

This  coal  contains,  by  calculation,  6762  units  of  heat.  One  pound 
will  convert  10.4  pounds  of  water  from  0°  Cent.  (32°  Fahr. )  into  steam 
at  100°  Cent.  (212°  Fahr.). 

NO.    THREE.        MINONK   COAL. 

Specific  gravity,  1.232.     A  cubic  foot  weighs  77  lbs. 

F^'::Zn  :::;:::::  i:^}    coke.  53.50  per  cent. 

Volatile  matter    .    .    . 35.00 

Water 11.50 


100.00 


Total  sulphur,  3.63  per  cent.  Sulphur  combined  with  iron,  2.719. 
Sulphur  combined  with  other  mineral  matter,  0.911. 

(     Iron 2.38 

Composition  of  a«h.     ■!      Alumina  •   • 0.80 

I     Silica 2.32 

This  coal  contains  6756  calculated  heat  units.  One  pound  will  con- 
vert 10.3  pounds  of  water  from  0°  Cent.  (32°  Fahr.)  into  steam  at  100° 
Cent.  (212°  Fahr.). 

From  this  it  will  be  seen  that  one  ton  of  the  Indiana  block  coal  will 
convert  mto  steam,  from  0°  Cent.  (32°  Fahr.)  to  100°  Cent.  (212° 
Fahr.)  22,800  pounds  of  water,  while  the  Illinois  coals  will  only  convert 
into  steam,  under  the  same  conditions,  20,800 ;  a  difference  of  2,000 
pounds  in  favor  of  the  block  coal,  or  nearly  eight  barrels. 

In  addition  to  its  superior  heat-producing  properties,  the  Indiana  block 
coal  contains  a  minimum  quantity  of  sulphur  and  ash,  while  the  other 
coals  contain  these  injurious  diluents  in  great  excess. 
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I  need  hardly  dwell  upon  the  injurious  effect  which  the  sulphur  exerts 
upon  grate-bars,  fire-boxes  and  boilers,  where  it  is  used  for  generating 
steam,  since  it  is  well  known  to  all  intelligent  engine  drivers  that  when 
sulphur  is  brought  in  contact  with  red-hot  iron  it  causes  it  to  fiise  or  lose 
its  tenacity ;  thus,  the  sulphur  from  coal  will  destroy  the  grate-bars,  fire 
boxes,  and,  sooner  or  later,  the  boilers  themselves. 

The  pyritiferouQ  ash  of  the  Illinois  coals  will  also  give  great  trouble, 
since  it  will  fuse  into  clinkers,  which,  by  their  rapid  accumulation,  stop 
the  draft,  and  otherwise  derange  the  perfect  combustion  of  the  coal,  so 
that  frequent  stops  must  be  made,  or  favorable  moments  taken,  to  remove 
them  from  the  fire-chamber.  On  passenger  trains,  using  such  coals,  much 
inconvenience  is  also  experienced  by  the  passengers,  who  are  compelled  to 
inhale  the  sulphurous  fumes  which  escape  from  the  smoke-stack  and  are 
wafted  back  into  the  coaches  by  the  motion  of  the  train. 

No  inconsiderable  part  of  the  commercial  value  of  a  coal  depends  upon 
its  strength  and  resistance  to  atmospheric  agencies,  which  cause  it  to 
crumble  and  waste  when  stocked.  In  this  respect,  again,  the  Indiana 
block  coal  will  endure  stocking  for  years  without  deterioration  or  loss 
fix)m  crumbling,  while  the  Illinois  coals  will  crumble  into  dust  from  the 
decomposition  of  sulphide  of  iron  which  it  contains  in  such  large  quan- 
tities. It  is  given  in  Trautwiue's  ** Engineers'  Pocket  Book,"  that  4.47 
tons  of  water  will  carry  a  passenger  train  twenty  to  thirty  miles,  or  even 
more  if  the  grades  are  light.  Then,  assuming  for  the  sake  of  comparison 
that  the  evaporation  of  4.47  tons  of  water  will  run  a  given  train  twenty- 
five  miles,  one  ton  will  run  it  5.7  miles.  Now,  a  ton  of  Indiana  block  coal 
will  convert  into  steam  one  ton  more  water  than  the  Illinois  coal ;  conse- 
quently, it  will,  under  like  conditions,  run  a  train  5.7  miles  ftirther  than 
the  Wilmington  or  Minonk  coals — a  difference  of  more  than  twenty  per 
cent,  in  fiivor  of  Indiana  coal.  Indeed,  so  different  is  the  Indiana  block 
coal  from  the  Illinois  coals  here  reported  on,  chemically  and  physically, 
that  they  can  not  rightly  come  in  competition  for  steam  and  house  pur- 
poses, where  a  due  regard  is  paid  to  economy  of  fuel,  safety  to  machinery, 
comfort  and  health. 

E.  T.  COX,  State  Gedogid, 

Indianapolis,  March,  1876. 
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ECONOMIC  GEOLOGY  OF  THE  STATE.* 


Indiana  has  been  bounteously  endowed  by  nature.  In  other  regions 
rich  in  ore,  coal  and  stone,  the  soil  is  usually  thin  and  unproductive, 
or,  vim  versa,  fertile  lands  are  not  rich  in  mineral  treasure:  but  here 
in  Indiana,  a  bountiful  and  inexhaustible  supply  of  mineral  wealth  is 
overlaid  by  the  richest  of  soils ;  and  with  cheap  and  abundant  food,  cheap 
homcsj  ohcap  wood  and  coal  for  fuel,  and  good  clays,  sands,  and  the  finest 
of  building  material,  she  offers  to  the  farmers,  laborers,  mechanics  and 
maiiufacturt?!*^  a  share  of  her  abundant  blessings,  resources  richer  and 
more  iteeful  to  humanity  than  gold  or  silver  or  precious  stones. 

BUILDING   STONE. 

The  rocks  of  the  State  contribute  largely  to  her  wealth,  for  they  contain 
8ome  of  the  finest  building  stone  in  the  country,  and  the  supply,  compar- 
atively undeveloped  yet,  is  practically  inexhaustible.  The  excellent  qual- 
ities, durability  and  beauty  of  these  Indiana  stones  are  just  beginning  to 
be  recognm^d  for  building  purposes  throughout  the  country,  and  the 
qaarrying  interests  promise  to  become  an  important  feature  in  the  products 
of  the  State,  in  the  near  future.  This  stone  is  being  extensively  used  in 
some  of  the  most  expensive  and  imposing  buildings  throughout  the  coun- 
try, and  the  demand  is  increasing  as  it  becomes  better  known.  During 
the  year  1880,  the  capital  invested  in  the  operation  of  quarries  was 
$613,500,  aud  the  output  of  material  was  8,413,827  cubic  feet,  worth 
S(>33,775,  or  about  $20,000  more  than  the  total  capital  employed.  To 
effect  this  result  required  the  labor  of  1,788  men  and  545  horses,  and  the 
use  of  13  ^tejira  channellers  in  quarrying;  107  derricks  and  cranes  in 
hoisting;  H  .saw  mills  and  42  gangs  of  saws  (3  per  mill),  in  dressing; 
while  5,727,225  cubic  yards  of  space  were  excavated,  in  doing  which 
$2,300  worth  of  powder  and  dynamite  was  used. 

As  to  the  geographical  division  of  the  quarrying  interest,  Southeastern 
Indiana  supplies  a  large  quantity  of  stone  for  foundations  and  rubble 
masonry^  from  the  bluffs  along  the  Ohio  River,  and  extending  through 
Wayne,  Union,  Fayette,  Franklin,  Dearborn,  Ohio  and  Switzerland, 
west  to  Clark  county ;  besides  being  found  to  some  extent  in  the  counties 
adjoiuing  the&e  to  the  west,  which  are  included  tu  the  Lower  Silurian  geo- 
logical range. 


*Rfflpiib1iabed  from  my  Report  of  1882,  by  frequent  request. 
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The  close-grained,  compact,  magnesian  limestones  are  largely  quarried 
in  the  counties  bordering  the  above  on  the  west,  forming  a  belt  extending 
northward  from  the  Ohio  to  the  Wabash  River  in  Carroll,  Cass,  Miami, 
Wabash  and  Huntington,  and  to  some  extent  in  the  counties  north  and 
west  of  these.  This  stone,  which  belongs  to  the  Upper  Silurian  age,  lies 
in  even  beds,  having  a  thickness  of  from  a  few  inches  to  two  or  more  feet, 
and  is  especially  adapted  to  work  in  foundations,  piers,  abutments,  and 
massive  range  work  where  great  strength  is  required.  The  thinner  strata 
of  this  stone  furnish,  at  a  low  cost,  excellent  slabs,  flags  and  curbstones, 
etc. ,  since  it  comes  from  the  quarries  with  bed  and  top  ready  dressed  by 
nature.     The  economy  in  its  use  is  apparent. 

A  very  popular  stone  among  engineers  and  bridge  builders  is  the  North 
Vernon  bhie  limestone,  a  good  sample  of  which,  as  a  bridge  building  ma- 
terial, may  be  seen  in  the  new  bridge  of  the  C.  &  I.  Air  Line  across 
Broad  Ripple,  north  of  Indianapolis.  This  stone  is  quarried  extensively 
in  Jennings  and  Jeflerson  counties. 

Quantities  of  blue  and  buff  Oolitic  stone  of  superior  quality  for  build- 
ing purposes  are  quarried  in  Monroe  county.  These  strata  are  from  six  to 
twenty  feet  thick,  from  whence  one  firm  alone,  Messrs.  Dunn  &  Dunn,  has 
been  shipping  their  entire  output  to  Chicago  and  Joliet,  HI.  It  is  there 
sawed  into  thin  slabs,  matched  and  polished,  and  finds  a  large  and  grow- 
ing demand  for  mantels,  table-tops,  pilasters,  wainscots,  and  interior  orna- 
ments and  decorations  where  handsome  neutral  tints  are  required. 

From  Warren  county,  on  the  north,  to  the  Ohio  River,  in  a  widening 
range,  the  valuable  limestones  of  the  Keokuk  group,  the  sandstones  of 
the  Chester,  and  Oolitic  limestones  of  the  intermediate  St.  Louis  group, 
are  quarried ;  while  the  basal  conglomorate  sandrock,  found  in  a  wide  belt 
from  Warren  county  to  the  Ohio,  contains  an  unlimited  supply  of  strong, 
fire,  water,  and  frost  proof  stone,  very  suitable  for  piers,  foundations,  etc. 

But  by  fiwr  the  rapst  beautiful  and  valuable  stone  for  architectural  pur- 
poses Ls  the  Oolitic  limestone  of  Lawrence,  Monroe,  Owen,  Crawford, 
Harrison  and  Washington  counties.  The  supply  is  simply  inexhaustible, 
as  it  lies  in  massive  strata  of  from  twenty  to  seventy  feet  thick,  over  an 
area  of  more  than  fifty  square  miles. 

These  strata  are  homogeneous,  equally  strong  in  vertical,  diagonal  or  hor- 
izontal sections.  The  stone  comes  from  the  quarry  so  soft  as  to  be  readily 
worked  by  saw,  chisel  or  planing  machine,  while  on  exposure  it  hardens 
to  a  strength  of  from  10,000  to  12,000  pounds  to  the  square  inch — a 
strength  amply  sufficient  to  sustain  the  weight  of  the  largest  structure  in 
the  world.  In  use  it  presents  a  handsome,  creamy  brown  appearance, 
gradually  whitening  with  age.  It  is  of  almost  unprecedented  purity,  con- 
taining an  average  of  96.8  per  cent,  of  carbonate  of  lime,  a  purity  rarely, 
if  ever,  surpassed,  and  scarcely  equaled,  in  the  world.  Hence  its  advan- 
tage over  the  magnesian  limestones,  as  it  is  not  affected  by  decay  in  an 
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atmosphere  charged  with  the  gases  of  burning  stone  coal.  In  natural  out- 
crop it  presents  bold  perpendicular  faces  to  the  elements,  showing  every 
scratch  and  mark,  unaffected  after  the  exposure  of  thousands  of  years,  as 
no  other  stone  or  rock  does. 

It  is  quarried  by  steam  channelers,  which  carve  it  out  in  prisms  six  by 
ten,  fifty  or  one  hundred  feet  long,  putting  to  shame  the  boasted  prodigies 
of  Egyptian  story  and  effort.  It  is  then  rapidly  sawed  into  blocks  and 
dimension  forms,  and  steam-planers  carve,  mold  and  smooth  it  like  clay 
or  wood,  and  more  accurately  than  mallet  and  chisel.  It  is  now  fit  to  be 
carved  and  polished  into  the  freest  kind  of  sculptured  and  ornamental 
work. 

Ready  for  the  mason  or  sculptor,  it  is  alive  and  resonant,  answering 
with  a  clear  metaUic  ring  each  touch  or  blow.  This  resonance  is  an  ex- 
cellent test  of  the  perfect  unity  of  its  particles,  and  as  a  result  it  is  highly 
elastic,  bending  under  pressure  and  rebounding  to  place  when  relieved 
from  it.  This  elasticity  enables  Indiana  Oolitic  limestone  to  adapt  itself 
without  cleavage  or  disintegration  to  our  changeable  climate,  where  ma- 
terial will  be  frequently  subject  to  a  change  of  from  20°  to  60°  of  temper- 
ature in  a  few  hours ;  as  in  large  buildings,  the  outside  will  be  subject  to 
a  temperature  of  25°  below  zero  in  winter,  or  120°  above  it  in  summer, 
while  the  inside  will  remain  at  60°  or  70°— differences  of  50°  to  80°  in 
the  extremities  of  the  same  stone — with  their  accompanying  effects  in  ex- 
pansion or  contraction.  The  strains  of  heat  and  frost  will  tear  down 
buildings  and  sides  of  mountains,  with  their  great  expansive  forces,  and 
even  steel  and  iron  will  give  way  before  them.  Here,  then,  is  presented 
to  the  builder  and  architect  a  new  and  wondrous  element  in  an  **  elastic 
stone,"  a  potent  quality  which,  united  with  its  other  sterling  excellencies 
of  strength  and  beauty,  makes  Indiana  Oolitic  limestone  the  bed  in  the 
world  for  exposed  work  in  buildings  in  localities  subject  to  great  climatic 
changes.  It  has  been  and  is  now  being  used  in  many  of  the  finest  public 
structures  in  the  country — the  new  $2,000,000  court  house  at  Indianapolis, 
the  new  Indiana  State  House,  the  postoffice,  and  many  churches  in  that 
city ;  the  custom  house  at  Louisville ;  the  city  hall  and  the  water-tables 
of  Lincoln  park  in  Chicago,  many  fine  structures  in  St.  Louis,  the  Cotton 
Exchange  in  New  Orleans,  and  many  public  and  private  buildings  in  New 
York  and  Philadelphia,  and  the  exposed  parts  of  the  new  State  House  of 
Illinois. 

The  sandstones  of  Indiana  occur  in  a  broad  belt  from  the  Illinois  line,  in 
Warren  county,  south  and  southeast  through  the  counties  of  Fountain, 
Vermillion,  Montgomery,  Parke,  Putnam,  Clay,  Owen,  Greene,  Martin, 
Pike,  Dubois,  Orange,  Perry,  Crawford  and  Harrison,  to  the  Ohio  River. 
This  is  the  conglomerate  sand-rock,  forming  the  base  of  the  Coal  Measures, 
and  the  same  as  the  sandstones  so  famous  in  Scotch  and  English  architec- 
ture; and,  although  irregular  in  color  and  physical  characteristics  to  some 
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extent,  presents  a  great  bed  of  .building  material,  frost,  fire  and  water 
proof,  and  of  practical  value  for  permanence  and  solidity.  In  these  beds, 
in  Warren,  Orange,  Lawrence,  Crawford  and  Harrison  counties,  are  found 
extensive  and  valuable  bands  of  grit  stones,  of  great  utility  for  grindstones, 
as  well  as  quarries  of  the  **  Hindoostan"  whetstones,  so  favorably  known 
in  all  the  markets  of  the  civilized  world. 

The  sandstones  of  the  Coal  Measures  proper,  while  not  fully  up  to  the 
above,  are  yet  extensively  used  for  foundations,  piers,  and  hammered  ma- 
sonry. In  the  Sub-Carboniferous  formation,  the  sandstones  of  the  Ches- 
ter and  Knobs  tone  groups  are  well  developed,  easily  accessible,  and  merit 
the  local  favor  and  reputation  they  sustain. 

During  the  year  1882,  there  were  quarried  in  Indiana  nearly  1,000,000 
cobic  yards  of  sandstone. 

COAL. 

The  Indiana  coal  fields  are  embraced  in  an  area  of  about  7,000  square 
miles,  and  are  entered  from  all  directions  by  railroads,  thus  insuring  a 
steady  and  iifexhaustible  supply  of  the  best  fuel  at  a  low  price.  There 
are  in  all  twelve  seams  at  varying  depths,  from  the  surface  to  three  hun- 
dred feet  below,  averaging  a  depth  of  eighty  feet.  Five  of  these  seams 
are  almost  constantly  workable  wherever  met,  varying  from  one-half  to 
eleven  feet,  and  averaging  four  feet  in  thickness.  The  smaU  seams  are 
worked  for  local  use  by  **  stripping." 

These  coals  range  in  quality  from  **fair"  to  **  superior."  The  **  block 
coal,"  pre-eminent  as  a  metallurgic  agent,  is  found  in  an  area  of  about 
600  square  miles.  Remarkably  free  from  sulphur  and  phosphorus,  it  is 
rich  in  carbon,  and  admirably  adapted  to  the  manufacture  of  **  Bessemer" 
steel,  and  for  refining,  as  well  as  for  rolling  mill  and  locomotive  use.  It 
bums  free,  without  caking,  to  a  minimum  of  white  ash,  and  with  a  ruddy 
flame. 

Mr.  J.  J.  Turner,  Superintendent  of  the  Indianapolis  &  Vincennes 
Railroad,  made  for  some  weeks  a  careful  test  of  the  comparative  merits 
of  Indiana  coal  (from  Greene  county)  and  the  celebrated  Pittsburgh  coal, 
with  especial  reference  to  locomotive  purposes,  with  the  following  results : 

Pittsburgh,  Indiana, 

Wheels  hauled  one  mile  per  ton  coal 97  .99 

Grallons  of  water  evaporated  per  ton  coal 53  .52 

Average  temperature  during  test 39°  39.9° 

Total  consumption 40  .35 

The  enormous  amount  of  power  stored  up  in  coal  is  thus  set  forth  by 
Prof.  Rogers:  **  The  dynamic  value  of  one  pound  of  good  steam  coal  is 
equivalent  to  the  work  of  one  man  for  one  day,  and  three  tons  are  equal 
to  twenty  years*  hnid  work  of  300  days  to  the  year.     The  usual  estimate 
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of  a  four-foot  seam  is  that  it  will  yield  one  ton  of  good  coal  for  every 
scjuare  yard ,  i>r  about  5,000  tons  per  acre.  Each  square  mile  will  then 
contain  3,200,000  tons,  which,  in  the  total  capacity  for  the  production  of 
power,  are  equal  to  the  labor  of  over  1,000,000  able-bodied  men  for 
twenty  years," 

Of  courete  this  contemplates  that  period  in  the  future  when  inventive 
genius  shall  develop  processes  by  which  the  full  power  of  coal  shall  be 
economized,  now  so  wasted  in  smoke  and  imperfect  combustion. 

During  the  year  1881  the  coal  mines  of  Indiana  employed  5,000  men, 
to  whom  were  paid  wages  amounting  to  over  $1,500,000.  In  the  mines 
was  inveated  a  capital  of  $2,500,000,  while  the  product  was  1,500,000 
tonj3  of  coal,  worth  at  the  mines  $2,500,000,  a  sum  equal  to  the  capital 
invested. 

From  a  small  beginning  in  a  region  where  wood  fuel  was  so  abundant 
aii  to  V>e  a  drawback,  the  excellent  quality  of  our  coal  has  promoted  Indi- 
ana to  the  place  of  sixth  in  the  coal-producing  States  of  the  Union,  with 
a  gain  of  281  per  cent,  in  the  past  decade,  or  over  23  per  cent,  per  an- 
num, while  the  future  promises  still  larger  outputs  and  triumphs. 

How  much  influence  the  State  Geological  Department  has  had  in  pro- 
ducing the  above  results  may  be  inferred  from  the  fact  that  since  1869, 
when  the  first  fuU  report  of  the  coals  of  Indiana  was  made  by  my 
predecessor.  Prof.  E.  T.  Cox,  the  business  has  increased  about  250  per 
cent. 

GLASS   SAND. 

Extenaive  beds  of  sand  and  friable  sandstone  occur  in  the  counties  of 
Madi^Q,  Parke,  Clark  and  Harrison.  It  is  of  ocean-washed  purity,  fre- 
quently white  as  snow,  and  so  pure  as  to  cause  the  plate-glass  of  our  State 
to  rival,  aufl  m  some  respects  to  excel,  the  best  European  products.  With 
fair  encouragement  Indiana  can  supply  the  nation  with  glass  cheaper  and 
better  than  foreign  manufacturers,  and  can  at  the  same  time  give  employ- 
ment to  thousands  of  skilled  and  unskilled  laborers,  and  bring  additional 
capital  witliin  her  borders. 

GRAVEL. 

This  13  80  bountifully  present  over  nearly  all  the  State  that  it  is  as  com- 
mon as  air  and  as  unprized.  Other  countries  make  costly  highways  with 
broken  stone ;  here  nature  pr^gents  the  best  of  granite,  imported  during 
the  great  *Vlce  age,"  ready  prepared  for  use.  This  is  the  best  possible 
material,  and  in  the  future,  with  ordinary  enterprise,  our  State  will  have 
I  be  best  roads  in  the  world,  with  the  consequent  blessings  of  comfort,  en- 
joyment aud  profit  During  the  year  the  sale  of  gravel  in  the  State 
amounted  to  about  200,000  cubic  yards,  but  probably  ten  times  that 
aDioimt  was  used  without  cost 
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LIME   AND   CEMENT. 

These  necessaries  of  life  are  so  abundant  in  the  State  as  to  escape  atten- 
tion. The  whole  northern,  central  drift  regions  and  eastern  and  middle 
parts  are  underlaid  with  good  limestone,  suitable  for  calcining.  The  very- 
best  quality  of  lime  is  produced  from  these  rocks,  and  in  quantities  not 
only  sufficient  for  home  consumption,  but  for  an  extensive  trade  in  exporta- 
tion also.  To-day  it  is  only  used  for  mechanical  purposes,  but  its  full  value 
will  be  appreciated  when,  in  the  near  future,  it  becomes  more  generally 
used  in  agricultui^  for  fertilizing  purposes.  The  lime  of  the  Upper  War 
bash,  Central  and  Southern  Indiana  is  unrivaled ;  the  Delphi  and  Hunt- 
ington and  Utica  limes  are  of  a  very  superior  quality. 

Cement  that  meets  aU  the  requirements  of  the  market  is  prepared  from 
the  native  beds  of  Clark  coimty,  and  is  of  fine  quality ;  while  large  beds 
still  undeveloped  exist  in  Harrison  county,  waiting  to  reward  him  who  will 
turn  his  attention  to  and  bestow  his  labor  upon  them.  From  the  lacustral 
clays  and  chalks  of  St.  Joseph  county  is  made,  at  South  Bend,  a  fine 
**  Portland  cement,*'  which  is  not  rivaled  even  by  the  best  European 
brands.  During  the  year  1882  there  was  produced  in  the  State  836,628 
bushels  of  lime  and  82,938  barrels  of  cement. 

CLAYS  AND   KAOLIN. 

Brick  clay  is  as  common  aa  water  throughout  the  State.  Owing  to  the 
presence  of  iron,  the  clays  of  Delphi,  Carroll  county,  offer  a  product  of 
extra  beauty,  smooth  and  ruddy,  and  with  colors  so  fixed  that  buildings 
which  have  stood  for  twenty  or  twenty-five  years  present  the  same  cheer; 
ful,  bright  appearance  as  those  erected  last  year.  Our  builders  would  do 
well  to  consider  the  color  and  quality  of  this  material,  permanently 
painted  by  nature. 

Underlying  all  our  coal  seams  are  great  beds  of  excellent  fire  clay. 
Good  fire  bricks  are  made  in  Clay  and  Vermillion  counties,  and  the  raw 
material  is  abundant  in  the  southwestern  regions.  When  the  coming  man 
builds,  not  for  to-day,  but  for  all  time,  he  will  require  permanent  fire-proof 
edifices,  and  will  then  avoid  disastrous  conflagrations  by  cheaply  furnish- 
ing from  this  clay,  window  and  door  frames,  roofs,  cornices,  etc. ,  and  or- 
namental brackets  of  terra  cotta  ware.  The  supply  is  sufficient  to  furnish 
the  world,  and,  when  common  sense  prevails,  the  clays  of  Indiana  will  be 
richer  than  the  mines  of  Colorado  and  the  golden  sands  of  California. 
During  1882,  2,769  tons  of  fire  clay  were  produced. 

The  kaolin  mines  of  Owen  and  Lawrence  counties  have  lately  opened  a 
new  and  prosperous  field  of  labor.  The  product  of  these  mines  is  used  by 
the  **  Encaustic  Tile  Works"  at  Indiana;poIis,  where  are  being  produced 
til^  of  rare  beauty  and  exceUenoe,  rich  in  design,  perfect  in  form,  equally 
vitrified,  and  imrivaled  by  the  best  factories  of  England  and  France,  over 
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wboe«  proilucta  tbey  Uike  j>T6C<^*letice  in  the  great  public  buildings  in  eastern 
cities.  I^arge  \mh  ui"  kaolin »  still  undeveloped,  invite  exploration  and  ex- 
aminiUiou  in  Owen  and  Harrbtm  counties.  The  discovery  of  these  kaolin 
beds  has  already  resulted  in  the  importation  of  large  amounts  of  capital, 
and  number*!  of  fureign  akiJled  workmen. 

NATURAL  GAS. 

In  Harrimjii  and  otlicr  counties  considerable  areas  present,  from  the  deep 
bores,  n  flow  of  gtks  distilled  b}'  the  internal  heat  of  the  earth  fix)m  the  bi- 
tuminous beds  (tf  ibe  Devoaiau  age.  This  flow  has  been  utilized  for  con- 
centrating brine,  and  is  of  grciit  economic  value  for  driving  engines, 
burning  lime,  e rockery,  etc.,  m  weU  as  for  illuminating  and  culinary  pur- 
poses.    It  invites  and  deserves  attention. 

SOIL. 

The  sL»il  of  Indiana  is  L^om  posed  of  materials  from  all  the  geological  hori- 
zons. It  contaiufl  the  i^lementJ^  uf  all,  spread  as  a  broad  alluvial  plain 
along  the  ancieut  gU^^ial  be<K  Being  deep,  it  holds  like  a  sponge  the 
excess  of  winter  and  spring  m«4sture  to  alleviate  with  dews,  or  water 
by  springs,  the  surroun*ling  country,  avoiding  excessive  drouth.  Posey 
county  hiw  sho^^n  to  ihe  StAtc  Board  of  Agriculture  her  great  crop  of 
corn,  while  Vennillion  eimnty  comes  to  the  front  with  64.78  bushels  of 
wheat  and  1  It)  bushels  of  oati^  to  the  acre.  Other  regions  are  equally  rich, 
showing  results  in  grains  and  grasses  which  rival  these.  Such  crops  are 
not  uccidentii,  1  nit  are  the  legit iTuate  and  natural  results  of  a  superior  soil 
and  its  mineral  uoustitueut.'?.  When  we  consider  that  a  soil  composed  of 
the  deeompt^itlon  of  locaJ  rocks  only  is  lean  and  soon  needs  manure,  we 
can  appreciate  the  effect*!  of  the  »le position  of  the  glacial  drift  over  Indiana 
in  the  almost  fabulous  fertility  of  its  soil,  as  instanced  by  the  above 
exaiaples. 
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Poeej  couuty  is  the  extreme  southwestern  part  of  Indiana.  The  seat 
of  juiiti(.':e,  Mt.  Vernon,  is  198  niile,^,  and  the  farthest  point,  at  the  mouth 
of  the  Wabash,  over  200  mile^  s^  mthwest  from  Indianapolis. 

It  was  organized  in  1814,  contains  420  square  miles,  or  268,000  acres, 
and  h  bounded  on  the  north  by  Gifjson,  east  by  Gibson  and  Vanderburg, 
tiouth  by  the  Ohio  River  aad  State  of  Kentucky,  and  west  by  the  Wabash 
and  State  of  IlltDois. 

These  boundary  stivjims  are  stately  rivers,  of  nearly  equal  size  at  low 
water.  The  Waba,^h  cfjmes  from  thP  rich  alluvial  loams  and  clays  of 
Northern  Indiana,  and  the  prairies  of  Illinois,  loaded  with  manurial  sedi- 
ment ;  the  Ohio,  at  overflow,  brings  the  calcareous  washings  of  its  tributary 
streams,  and  is  red  with  angry  waves.  At  ordinary  stages  the  latter  is  the 
"Belle  riviere"  of  the  French — the  beautiful  river  of  the  early  traveler; 
bright  and  blue  in  its  clear  almost  crystal  waves  and  royally  crowned  by  a 
swan-like  fleet  of  steamers  trailing  their  smoky  banners  against  the  clear 
sky,  it  is  attractive.  From  the  hill  tops  it  is  a  scene  of  active  beauty, 
clearer,  brighter  and  fuller  of  progressive  energy  than  even  the  * 'Silver 
Rhine."  Each  of  these  rivers  is  belted  with  broad,  alluvial  plains,  rang- 
ing from  a  narrow  strip  to  five  or  more  miles  wide,  with  a  soil  of  unriv- 
valed  fertility,  excelling \he  boasted  granaries  of  Egypt  by  the  diversity 
of  its  productions.  Com,  wheat  and  oats  are  cultivated,  and  produce 
crops  never  elsewhere  equalled.  All  the  fruits  of  a  temperate  clime  are 
abundant,  and  textile  plants  have  been  and  may  be  successfully  grown. 
The  forests  comprise  black  and  white  walnut,  red,  white  and  burr  oak, 
red  and  white  elm,  white  and  black  gum,  cottonwood,  hickory,  maple, 
willow,  sycamore,  cypress,  pecan,  etc.,  with  many  shrubs  and  vines. 

The  drainage  of  the  northern  parts  is  by  Black  River.  This  stream, 
almost  insignificant  in  its  present  volume,  shows  evidence  that  once  it  was 
a  mighty  river,  broad  alluvial  bottoms  bordering  its  sides,  so  much  wider 
than  a  stream  of  its  volume  required,  that  it  is  plain  at  some  early  time — 
probably  about  the  close  of  the  Lacustral  period,  Patoka,  or  creeks(?)  tri- 
butary to  Pigeon,  were  discharged  by  this  way.  Big  Creek  drains  the  cen- 
tral parts  and  was  formerly  a  mill  stream  of  importance.  SmaU  streams 
flow  from  the  southern  areas  to  the  Ohio.  Many  of  these  creeks  flow 
through  flat  level  plains,  and  have  the  muddy  beds  characteristic  of  the 
soils. 
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From  the  creek  and  river  valleys  we  pass,  sometimes  by  gentle  ascents, 
along  tlie  tributaries,  hut  ofWti  by  abrupt  bluffs,  to  the  table  lands.  The 
Iatt<?rj  in  the  central  and  northern  parts,  attain  an  elevation  of  from  100 
to  200  feet,  and  average  n  height  of  125  feet  above  low  water  in  the  Ohio 
Biverj  atul  being  formed,  w^n  rule,  from  laeustral  fine  sands  or  loam,  the 
noil  iif^  compit^t  and  to  a  degree  impervious  to  air  and  moisture,  unless 
drained  or  well  intermixed  with  vegetable  matter.  The  flat  areas  are  wet 
and  predLsp^j^cd  Ui  pniiries  or  ''openings,"  but  the  slightly  uneven  surfaces 
are  clothed  with  a  thick  grrjwth  of  timber.  Of  this,  post-oak,  persimmon 
and  sweet  gum  are  eharaeteristic,  if  not  peculiar.  White,  red  and  Span- 
ish oaks,  black  gum,  nia[>le,  white  and  black  hickory  are  common.  The 
rolling  uplands,  cont^iining  a  generous  admixture  of  red  calcareous  ma- 
terial, inxpjrte<]  by  fluviatile  action,  is  richer,  and  has  a  corresponding 
growth  of  augar  tree^,  pojilarsi,  black  walnut  and  ash,  added  to  the  for- 
mer list.  Bt>th  varieties  of  upland,  when  properly  cultivated,  produce 
fiiir  to  good  cro]K8  of  corn,  wheat,  oats  and  meadow  grass.  The  hills  and 
high  ridges,  by  the  modifying  influence  of  their  elevation,  are  exempt 
from  the  destroying  effects  of  sudden  changes  of  temperature,  and  ad- 
mirably lid  a  p  ted  to  the  growtli  of  tender  fruits  and  vines.  Advantage 
has  l>ccu  taken  of  this?  situaii^m  by  progressive  farmers  and  gardeners, 
and  the  many  cxtcasive  and  profitable  orchards  and  vineyards  of  this 
county  are  regard eil  sure;  ^jurces  of  income  by  their  prosperous  owners. 
The^^  areas,  entirely  elevated  above  the  malaria  of  the  valleys,  are  re- 
markably free  frtim  ievei^  attributed  to  that  cause.  Good  cisterns  for  fil- 
tering and  fontaiiuDg  rain  water  for  family  use,  would  furnish  an  ample 
supply  of  purer  water  than  can  be  obtained  from  wells  or  springs  in  this 
mnl,  and  would  probably,  ju  a  considerable  degree,  avert  inflammatory 
diaease^. 

Dr.  D.  D.  Owen  de^erilie?^  this  laeustral  loam  as  a  silico-calcareous 
earth,  of  pale,  re4idish  gmy,  or  ashen  flesh  tint,  and  says  that,  when  in 
jmrt  composed  of  decomjioaed  material  of  Coal  Measure  rocks,  it  gives 
nee  to  some  of  the  bcist  tobacco  land.    He  gives  the  following  analysis : 

Comliin^d  fuoisture  .....*    t 1.35 

Soluble  organic  niatu^r   .    ,    ,    . 30 

Inaolubk'  siljcalee 73.30 

Carbonic  acid    . 10.00 

Lime  ,...,, 6.80 

Magtiesia 3.78 

AJiimian  and  peroxide  of  iron 2.80 

Chlorine. 12 

Lo«s  and  alkalies 1.55 

An  analysis  of  water  leat*]je<i  through  this  material  is  found  to  contain 
an  excess  of  magnesia,  and  observation  shows  that  it  has  a  deleterious 
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effect  on  the  health  of  those  who  habitually  employ  it  for  domestic  and 
drinking  purposes.  During  the  presence  of  cholera,  Owen  observes  that 
those  who  habitually  used  this  kind  of  water  were  apt  to  be  more  fre- 
quently and  seriously  attacked.  In  such  localities, ^af  times  of  drought, 
erysipelas  and  typhoid  fevers  are  liable  to  prevail.  Magnesia  and  its 
metallic  combinations,  rendered  deliquescent  by  exposure  to  atmosphere, 
are  not  acute  poisons,  perhaps,  in  the  small  quantity  which  exists,  but 
long  continued  use  produces  a  chronic  irritation  which  may  tend  to  incite 
disease.     Hence  the  use  of  pure,  filtered  rain  water  is  earnestly  urged. 


RECENT  GEOLOGY. 

ALLUVIUM. 

The  **  river  bottoms,"  or  alluvial  **  meadow  lands,"  bordering  the  rivers 
and  streams  are  due  to  causes  now  in  action.  Solid  rocks,  laminated  or 
crystalline,  compose  the  rock-ribbed  crust  of  the  earth.  These,  on  exposure 
to  frost,  air  and  water,  decompose  or  disintegrate,  or,  broken  from  their 
beds,  are  rounded,  rolled,  and,  by  the  mills  of  nature,  ground  into  clays, 
sands  and  pebbles  by  rushing  water  and  waves.  The  finer  particles,  as 
clay  and  sand,  combined  with  rich  organic  matter,  form  here  the  produc- 
tive alluvial  bottoms  of  a  delta  outrivaling  the  famous  delta  of  Africa. 
This  deposit  is  always  found  above  or  against  the  sides  or  excavated 
edges  of  older  beds. 

In  deep  shafts  at  Evansville,  and  at  Henderson,  Kentucky,  a  bed  of 
fluviatile  shells  was  found,  at  a  depth  of  forty  to  seventy  feet  from  the 
surface,  so  deposited  as  to  indicate  an  era  when  the  Ohio  flowed  at  a  bed 
that  much  below  its  present  level ;  but,  more  wondrous,  it  showed  an  early 
period  in  the  river's  existence,  reaching  back  to  tell  the  story  of  life,  and 
climate  and  time.  These  mollusks,  then  abundant  here,  were  such  as  now 
are  common  in  streams  bordering  the  northern  shore  of  the  Gulf  of  Mexico ; 
and  as  they  could  only  exist  in  a  sub-tropic  climate,  they  prove  that  such 
climate  prevailed  here.  They  may  be  intimately  connected  with  the  fol- 
lowing epoch. 

LUCUSTRAL   EPOCH. 

The  Loess  or  lacustral  loams  succeed  in  age.  It  was  the  epoch,  of  great 
lakes  or  slow-flowing  lagoons,  with  a  warm  climate  succeeding  the  glacial 
time.  These  loams  are  an  ash  gray  or  brownish  buff*  color,  exhibiting, 
principally,  an  impalpable  sand,  with  a  small  amount  of  clay.  Sir  Chas. 
Lyell,  on  his  vbit  to  this  county,  identified  this  deposit  as  the  equivalent 
to  the  Loess  of  the  Rhine,  and  he  was  enabled  to  know  of  the  thermal  con- 
ditions by  the  shells  found  abundantly  at  New  Harmony  as  equivalent  to 
that  of  Cuba  or  Mexico.     These  shells  are  listed  in  my  report  for  1870,  on 
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Bu]livaii  couDty,  but  here  repeated  for  the  benefit  of  those  not  having 
that  report,  viz. :  Macroeydas  concava,  Say ;  Zoniies  arhoreas.  Say ;  Hyalina 
iiidenMit,  Say ;  Pntida  penpectiva,  Say ;  Helicodiscus  lineatus,  Say ;  Pupa 
armiferu^  Say;  JK  faihtx,  Say;  StrMla  labyrinihicay  Say;  Stenotrema hirstda^ 
Say;  S,  monodon.  Rack.;  S,  monodon var,  fratemay  Say;  VaUonia pulcheUa, 
Mnell.;  Sttcemm  nvara,  Say;  Volvata  tricarinata,  Say;  Pomatiopm 
t^ipklaria.  Say ;   IMieina  ocauUa,  Say. 

Of  tbeae  slielb,  H,  occulta  is  of  tropic  life,  and  belongs  to  the  latitude 
of  Cubfi  and  Mexico.  Prof.  Swallow  remarks:  **  These  lacustrine  fluvi- 
atile  and  land  species  of  mollusca  indicate  a  deposit  formed  in  a  fresh- 
w liter  lake,  .surrounded  by  land  and  fed  by  rivers;  and  refer  back  to  a 
time  wbeii  a  largt^  {portion  of  this  valley  was  covered  by  a  vast  lake,  into 
which  flowi?d  varinus  rivers  and  streams."  The  climate  was  tropic  or  sub- 
tropic. 

The  low,  roimde+I  hill-tops,  constantly  recurring,  appear  like  tumuli, 
and  are  occasionally  shaped  by  the  Mound  Builders  for  funeral  purposes. 
The  r&\,  marsliy  <  lay,  fat  with  shells  of  that  epoch,  forms  a  fertile  soil 
along  the  i?hore  lino  of  the  lagoon-like  lake,  characterized  by  a  heavy 
growth  of  poplar,  walnut,  sugar  tree,  ash  and  post-oaks  of  giant  size;  the 
lower  and  more  siiudy  member  of  the  Loess,  impervious  to  air  and  mois- 
ture, bcarjJt  a  gri>wth  of  oak,  hickory,  gum,  beach,  dogwood f  symbolic  of 
the  cold,  close  aoih 

DRIFT. 

Next  in  tirder  of  time  succeeds  the  great  ice  age ;  a  stratum  of  sand 
and  gravel  reslirijr  lielow  the  Loess,  but  upon  or  against  the  sides  of  older 
rormntions!.  It  re  |  ^resents  the  sorting  and  sifting  power  of  water  in  motion , 
each  dopisit  Ijcing  i>laced  where  the  velocity  of  the  current  could  no  far- 
ther carry  it;  tlius  n  ripple  deposited  gravel  and  bowlders,  a  slower  cur- 
rent left  banks  of  coarse  sand,  and,  finally,  slow  eddy-currents  made 
banks  of  cUiy  and  fine  sand.  At  the  base  of  the  hills  at  New  Harmony 
are  beds  of  glacial  material,  indicating  the  sorting  powers  of  the  Wabash 
in  its  youthful  vigi»r. 


GENERAL  GEOLOGY  OF  POSEY  COUNTY. 

The  rocky  formations  of  this  county  are  classed  as  of  the  Upper  Coal 
Measures.  The  surface  outcrops  exhibit  two  or  three  coal  seams,  with 
intercalated  beds  **£  limestone;  above  is  theMerom  sandstone,  which,  un- 
wmformable  witii  ibe  Coal  Measure  rocks,  lies  above  them,  and  its  coarse 
material  demands  a  shore  line  of  a  mighty,  surging  sea  for  its  formation. 
This  rock  is  of  later  date  and  apparently  of  diflTerent  conditions,  and,  per- 
haps, indicates  that  future  students  may  find  evidence  to  connect  it  with 
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Mesozoic  times  and  possibly  with  the  Triassic  period.  Cretaceous  beds 
occur  in  adjoining  regions  of  Kentucky  and  Missouri.  Outliers  are  to  be 
expected,  and  should  be  sought  for,  in  Indiana. 

GENERAL  SECTION  OF  POSEY   COUNTY. 

The  following  general  section  is  combined  from  the  shafts,  bores  and 

explorations  made  from  outcrops  in  eastern  and  northern  parts  or  adjoin- 
ing regions,  and  probably  gives  the  unexplored  strata  of  this  county : 

Ft.          Ft.  In. 

1 .  Buff,  brown,  red  and  mottled  shales 2    to      0  00 

2.  Merom  sandstone,  soft,  shaly,  upper  div 20    to    25  00 

3.  Merom  sandstone,  massive  in  qaarry  beds 10    to    30  00 

3^.  Dark  gray  or  buff  shales  and  flaggy  sandstones,  with 

clay  iron  stones 10    to    20  00 

4.  Brown  Impure  Coal,  3d  rash  coal U  to    00  00 

M'  P^^gsy  or  thick-bedded  sandstone,  ripple-marked  .  .  9    to      4  00 

5.  Hard,  clinky,  gray  limestone,  at  bottom  irregular  and 

sometimes  flinty,  passing  to  the  west  to  a  calcareous 

shale 2    to     6  00 

6.  Argillaceous  sb  ale  and  shaly  sandstone 34    to     0  00 

7.  Black  slate,  with  fish  spines  and  fossils IJ  to      0  00 

8.  Second  Rash  Coal 0    to     0  03 

9.  Fire  clay 1    to     0  00 

10.  Gray  shale 6    to      0  00 

11.  Limestone,  yellow  ferruginous 3    to    12  00 

llj.  Gray  shale 98    to     0  00 

12.  First  Rash  Coal  and  black  slate 0    to     0  08 

13.  Fire  clay .- 1    to      2  06 

14.  Soft,  flaggy,  blue,  buff  and  gray  sandstone,  with  much 

gray  shale  and  beds  of  clay  ironstone  and  nodules  60    to  121  00 

15.  Yellow  and  gray  sandstone,  often  giving  good  quarry 

beds 15    to    29  00 

16.  Gray  and  buff  alluminons,  arenaceous  or  shaly,  flag- 

gy sandstone,  with  ironstone  nodules  and  shaly  con- 
cretions      29    to      8  00 

17.  Black  slate  or  clod,  with  fossils 1  00 

18.  Coal  N.  Choice,  gassy,  caking 2  03 

19.  Fire  clay,  at  bottom  shaly,  with  iron  balls 5  08 

20.  Buff  or  gray  limestone,  with  ChcUetea 8    to     5  00 

21.  Gray  or  white  shale,  with  nodules  of  ironstone  and 

bands  of  sandstone 30    to    40  00 

^2.    Siliceous  shale,  passing  to  massive  sandrock  to  south 

and  west;  Anvil  rock?  of  Lesquereux  and  Owen  60    to    71  00 

23.  Black  slate  and  clod,  with  many  animal  and  veget- 

able fossils 2    to      1  08 

24.  Inolisidb  Coal  M:      Laminated  coal,  1  ft.  4  in.; 

parting,  2  in.  to  0 ;  solid  cubic  coal,  2  ft.  8  in.  .   .  4  00 

25.  Fire  clay 4  00 
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m     Fir^  ctav,  with  pyrite  balls 3  08 

27.    Siliceous  sbde 11  09 

38*     Argillaceoits  sandgtone 5  00 

20*     Graj  shale  and  noapstone 64  05 

dO»    Soaptitone,  wUh  plant  remains 0  03 

81.    OoalL:    Impure cannel  coal,  1  ft.  6  in 1  06 

32.  Firt^  clay 2  06 

M.    Bilk^ous  shales  and  coarse  massive  ferrugi^ious  sand- 
stone ..,...• 90    to  120  00 

33,  Bituminoua  Hmc?itone  and  black  slate 2    to      8  00 

36,    CoAJ.  K,    Cakmff.pyritous 0    to      1  06 

57,  Laminated  tire  cl:iy 2    to      1  04 

58.  8iUceoH»  iind  bl  At'k  aluminous  shales,  with  rich  bands 

and  pot'k^iii  of  nodular  iron  ore 10    to    30  00 

39.  Conglomerate  Kindrock 110    to  180  00 

40,  CbAL  A  .... 3    to      0  00 

41,  D«rk  or  black  inhale,  with  iron  ore 30    to      5  00 

42.  Chtsjitcrwanij^tooe  and  Lower  Carboniferous  limestone. 

833  1 1 


PALEOZOIC  TIME. 


CARBONIFEROUS   AGE. 


Upper  Coed  Mea^ure^i. 

T\w  tUHiiwin^  remarks  (made  after  a  careful  and  protr^ted  study  of 
the  mines,  outcroiw*,  bores  and  shafts  of  Vanderburg  county)  are  given 
here  n^  the  fullc&t  ^\nm  the  writer  has  of  the  deep  strata  of  Posey  county, 
where,  fn*m  tlie  depth  of  the  coal  seams,  extensive  explorations  have  not 
heen  ma<le.  The  section  and  deductions  apply  with  full  force  to  Posey 
county. 

The  beds  Nos.  3  to  14  of  the  general  section,  including  two  or  three 
tiiin  seams  of  raflh  coal  and  two  strata  of  limestone,  each  from  two  to 
eiH'it  ikiti  m  thick  iie.*s,  occupy  the  hill-tops  in  the  eastern  parts,  and  thence, 
dipirmg  Ui  the  siJuLhwcst,  are  found  at  or  near  the  level  of  the  streams  in 
tbai  part  of  the  county.  These  beds  are  a  notable  horizon.  Besides  the 
ftdvantage  of  the  stooc,  which  is  burned  for  the  lime,  they  form  an  un- 
mistakable directrix  from  which  to  measure  down  to  the  probable  level  of. 
the  lower  workable  ct^als.  The  limestones  Nos.  5  and  11,  at  their  south- 
eastern outcrop,  are  hard  and  clinky,  and  are  frequently  brought  close 
together  or  found  in  contact  Going  westward,  they  first  become  more 
plainly  calcareous^  arc  separated  by  a  parting  which  widens  at  some  points 
to  a  5pace  of  nearly  fifty  feet,  and  allows  the  introduction  of  a  Rash  Coal, 
becomiiig  ijersistent  to  the  west,  but  OMly  represented  by  fire  clays  in  the 
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eastern  parts.  Persistent  in  the  eastern  parts  they  become  somewhat  incon- 
stant in  the  western,  and  pass  into  calcareous  shales.  In  all  adjoining  re- 
gions, these  limestones  contain  a  multitude  of  fossils  in  great  variety,  which 
liave  given  rise  to  bitter  personal  quarrels  and  disputes  between  eminent 
scientists.  Some  of  these  fossils,  as  MeekcUay  SyntridamuLy  a  MyalimLy  Bellero- 
phon  cras9itSy  Pleurotmnaria  turhinijwmisy^  etc. ,  are  closely  allied  to  Permian 
forms  of  Europe.  These  fossils,  with  many  others  are  not  found,  in  my 
knowledge,  below  the  Upper  Coal  Measures  included  by  the  numbers  (5 
to  14)  under  consideration.  So  many  new  fossils  from  this  horizon  have 
been  described  as  of  **the  Coal  Measures,"  that,  deciding  from  such  de- 
termination, the  rocks,  notwithstanding  the  introduction,  in  part,  of  a 
new  fauna,  are  Coal  Measures.  As  a  compromise,  equivalent  beds  in 
Kansas  and  Nebraska  have  been  termed  by  eminent  geologists  **Permo- 
carboniferous,"  a  designation  which  seems  properly  applied. 

In  this  county,  these  limestones,  often  crowded  or  almost  wholly  com- 
posed of  fossils,  as  AthyriSy  Spirifer  lineatus  and  LophophyUum  proliferumy 
offer  many  and  good  cabinet  specimens.  The  coals  (Nos.  3,  8, 12)  are 
generally  absent  and  never  persistent  over  considerable  areas.  Impure 
and  thin,  they  are  consequently  of  no  great  economic  importance.  The 
thin  fire  clays  (Nos.  9,  13)  are  of  even  more  value,  for,  generally  unc- 
tous  and  plastic,  they  afford,  as  a  rule,  a  clay  which,  purified  by  exposure 
to  atmospheric  agencies,  will  work  well  for. crocks,  coarse  pottery  and 
terra-cotta  ware. 

No.  14,  a  soft,  flaggy,  blue,  buff  and  gray,  sandstone,  interchanging 
with  gray  shale,  carrying  iron  stones,  is  found  in  the  eastern  parts. 

The  yellow  and  gray  sandstone  (No.  15)  is  found  well  down  in  the 
Evansville  shafts,  and  is  not  exposed  in  the  county. 

The  black  shale  or  clod  (No.  17)  is  pretty  constant,  and  differs  ftx)m 
the  slate  usually  found  covering  coals  in  the  predominance  of  aluminous 
matter,  rendering  it  soft.  It  usually  carries  a  considerable  number  of 
fossils,  most  of  which  are  pyritized,  as  Productus  coray  P,  codatuSy  Aihyris 
subtUUay  MaerocheilvSy  several  species,  BeUerophon,  two  species,  etc. ,  etc. 

Coal  N  (No.  18  of  the  general  section)  is  a  choice,  gassy  coal,  of  ex- 
cellent quality.  From  appearances  it  is  believed  that  this  is  equal  to  the 
best  western  coal  for  gas  and  coking,  and,  although  the  seam  will  average 
but  little  over  two  feet,  yet  the  purity  and  richness  in  volatile  matter  will 
justify  removing  the  fire  clay  for  potteries,  and  thus  secure  this  valuable 
coal.  It  is  passed  in  the  Ingleside  shaft,  and  was  formerly  worked  by  a 
shaft  not  now  in  use,  on  Stevens*  land,  northwest  quarter  section  7,  town- 
ship 6,  range  9.t    It  is  also  pierced  by  Priest's  bore,  at  West  Franklin,  in 


t  Th€«e  foesUs  have  not  been  found  west  of  the  Wabaah  River,  but  are  abundant  in  equiv- 
alent beds  in  Illinois,  acUoininy  to  the  west. 


♦  In  Vanderburg  county. 
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the  extreme  southwest  corner  of  Vanderbiirg  county,  and  by  the  Ken- 
tucky Hhaiite  at  Heuderson — in  fkct  at  every  point  at  which  this  horizon 
lias  been  explored.  These  facts  indicate  a  general  persistence  throughout 
this  region  of  Cr}til  N,,  a  seam  that  is  characteristically  inconstant  and  un- 
reliable in  all  the  basin,  to  the  north  and  east.  It  is  locally  known  as  the 
* 'Little  Newburg  coal" 

Below  the  fire  cliiy  of  N.  is  found  a  buff  or  gray  limestone  (No.  20  ). 
This  18  not  cxpt»4ed  in  the  county,  but  is  met  in  all  the  shafts  in  regular 
position,  and  outcrofis  at  Newburg.  It  contains  a  few  specimens  of  Pro- 
di(diiit  and  Spin/erf  but  is  remarkable  for  the  wonderful  size  of  Lophophylr 
ium  pntUfinim  (some  of  the  cups  were  seen  from  three-fourths  to  one  and 
one-fourth  inches  in  diameter),  and  a  great  profusion  of  the  coral  Chietetes 
millcporacem.  Next  miicceeds  a  gray  or  white  shale,  carrying  bands  and 
nodules  of  iron  ore  of  good  quality,  but  not  in  sufficient  quantity  to  be  of 
any  great  value. 

The  siliceous  shale  and  sandstone,  passing  into  massive  sand  rock  along 
Green  River  anti  generally  to  the  north  and  west,  is  a  marked  horizon  at 
gtatiouo  where  exp^JHe^:^ ,  forming  quarry  beds  of  economic  importance  and 
bold  river  bhiftk  In  this  county,  it  is  entirely  below  the  surface  and  can 
l)e  seen  only  in  shafts. 

The  black  slaty  clod  (No.  23)  is  generally  persistent  throughout  this 
region  ^"^  and  carnc^^u  large  number  of  beautiful  and  well  preserved  fossils. 
Gent^rally  pyritis'-cd,  they  form  desirable  cabinet  specimens,  viz.:  Produc- 
im  (^ma^  /*,  Imifji^^itnL^,  P:  pundatus,  Bellerophon  carbonariits,  B,  Montforti' 
anm,  B.  jHrvfintititv^,  MacrocheUtis  inhahilis,  M.fitsifonnis,  M.  (sp?)  Pleuro- 
i&maria  carhmuirm,  l\  spJuendata,  P.  Grayvillensisj  Orthoceras  Riishensis, 
Nautilu-^  det'oraitt^f^  Ari^uhpectenrectUateraria,  A,  (sp?)  Nuculana  hdlxdnatu^ 
Nuetila  injhita,  with  crinoid  stems.  These  are  only  a  partial  list  of  its  ma- 
rine life.  Cmnlv-likc  spines  of  fishes  and  dermal  plates,  named  Peirodm 
occkienhd'nf,  arc  not  uncommon ;  while  bones  and  corprolites  are  frequent, 
though  crui^licd  and  fragmentary. 

The  lugleside  coal  M.,  locally  known  as  **  Main  Newburg**  (No.  24  of 
tlu?  general  secltou),  is  the  probable  mineral  resource  of  this  region.  This 
gBam  has  1m*cu  pierced,  by  shaft  or  bore,  at  a  great  many  different  points 
ill  iliis  county*  and  itJ  regions  immediately  adjoining.  At  every  station, 
with  the  siugle  exception  of  the  **  Crescent  City  Park"  bore,  it  has  shown 
a  thickness  of  not  lea*  than  four  feet.  It  is  a  strong  coking  coal,  bums  to 
a  gray  or  red  n^h,  and  is  an  excellent  fuel  for  steam  or  grate  use,  and  com- 
mands, as  it  de^rvei^.  a  ready  market.  It  drives  the  wheels  of  commerce, 
pi]ll«  mighty  railway  trains,  and  gives  energy  to  the  thousand  arms  and 
fingers  of  iron  whit^h  manufacture,  with  the  strength  of  a  million  giants, 
the  wcaUh  of  the  city  of  E-vansville.  From  absence  of  faults  or  bar- 
ren plaices,  indicated  by  bores  conducted  up  to  this  time,  we  may  infer 
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th^t  it  underruns  southern  and  eastern  parts,  at  least  two-thirds  of  the  area 
of  the  county,  with  a  possibility,  if  not  a  probability,  that  it  may  be  found 
in  the  remainder.  A  coal  of  such  continuity  is  unusual,  not  oflen  met  in  ' 
our  coal  field,  and  combining  so  many  good  with  but  few  bad  qualities,  it 
may  be  looked  upon  as  a  grand  source  of  wealth  for  ages,  and  assures  for 
this  region  an  enviable  prosperity  and  progress  for  the  future.  This  coal 
has  long  been  worked  at  Ingleside  shaft,  in  Evansville,  and  at  Newburg, 
Henderson  and  Green  River,  of  Kentucky;  a  new  shaft  has  been  put 
down  at  Chandler  Station,  on  the  Boonville  road ;  all  of  which  find  the 
seam  regular  in  thickness,  and  difiering  but  little  in  quality,  as  may  be 
seen  in  the  chemist's  report  of  analysis. 

The  usual  fire  clay,  below  Coal  M.  (Nos.  25  and  26),  in  its  upper  mem- 
ber, is  plastic,  and  in  the  future  demand  for  fire-proof  buildings,  will  be 
extensively  used  in  terra  cotta.  Usually,  it  will  be  necessary  to  remove 
the  diffused  particles  of  pyrites  by  aeration.  Strata  of  limestone  are  not 
reported  in  the  sections  to  which  access  was  had  below  N.  and  immediately 
above  M.,  as  was  found  to  be  the  case  in  Gibson  county;  but  in  the  new 
shaft  at  Henderson  and  in  the  bore  at  Ingleside,  beds  are  found  confirming 
the  unexpected  phenomenon  of  massive  limestones  in  the  Coal  Measures, 
so  unwillingly  admitted  in  my  report  on  Gibson  and  Knox  counties. 

The  space  represented  by  Nos.  27,  28  and  29  has  been  pierced  only  by 
the  lower  shaft,  in  Ingleside  mine.  It  is  highly  argillaceous,  hardly  rising 
above  the  grade  of  clay  shale;  even  the  tough  blue  sandstone  readily 
yields  to  air  and  moisture.  This  was  to  be  expected,  as  similar  material, 
in  eight  cases  out  of  ten,  characterize  the  horizon  between  Coals  M.  and  L. , 
in  the  counties  I  have  visited  in  Indiana.  Similar  outcrops  were  seen  at 
the  same  horizon,  along  Green  River,  especially  at  and  near  Cromwell 
Landing.  A  thin  bed  of  soapstone  (indurated  clay)  is  ordinarily  found 
succeeding,  which  is  rich  in  leaves  and  stems  of  carboniferous  plants,  and 
is  known  as  the  "  fern  bed.**  Sometimes  the  soapstone  is  replaced  by  gray 
shale,  full  of  kidney  iron-stones,  enclosing  plants  and  fruits. 

Coal  L  (No.  31  of  section)  offers  the  characteristic  physical  form  and 
qualities  usually  presented  throughout  the  Indiana  coal  field.  It  is  a  lami- 
nated semi-caking  or  free  burning  coal,  rich  in  carbon,  and  yielding  a  gray 
or  white  ash,  with  little  or  no  cinder.  It  b  the  most  persistent  coal  of  the 
Wabash  basin  in  thickness,  regularity  and  good  qualities.  In  this  vicinity 
it  has  been  pierced  by  three  bores,  showing  an  average  thickness  of  only 
about  two  feet,  which  may  be  regarded  as  the  probable  thickness  of  the 
seam  along  the  southern  and  eastern  part  of  the  county.  This  will  hardly 
justify  mining  at  present. 

Below  Coal  L. ,  a  hard  ferruginous,  laminated  sandstone,  passing  into 
siliceous  shales,  has  been  pierced  by  bores,  and  occurs  at  adjoining  regions 
in  outcrops,  filling  a  space  of  from  90  to  120  feet,  at  the  base  of  which  the 
limestone  superimposing  Coal  K.  is  found ;  sometimes  flinty,  but  on  the 
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Kentucky  side  of  the  river  carrying  the  usual  fossils  as  Productus  codatuSr 
P.  longispinuSy  LophophyUum  proliferum,  Spvnfer  cameratus,  8.  Lmeai;ud^ 
Aihyris  mihiUitaf  Chonetes  mescUobaf  C  (sp.  ?)  and  Orincnd  stems. 

Coal  K.  is  not  seen  in  this  region.  In  bores  along  the  Ohio  River  it 
never  develops  a  thickness  of  two  feet  and  is  generally  thinner  or  barren. 
Typically,  it  is  a  strong  caking  coal,  containing  some  sulphur,  and  bums  to 
red  or  brown  ash.  A  short  distance  below  the  horizon  of  K.,  beds  of 
black  shale  occur,  which  are  often,  in  bores,  reported  as  coal.  No 
thick  or  workable  seams  may  be  expected  at  this  depth.  The  space 
usually  presenting  the  block  coals  is  here  barren,  as  it  is  generally 
in  the  southern  part  of  the  State.  It  seems  probable  that  at  the  central 
extreme  depths  of  the  basin  the  vegetable  material,  which  if  preserved 
pure  would  suffice  for  a  coal  seam,  was  largely  intermixed  with  clay  and 
argillaceous  matter,  and  thus  difilised  and  scattered,  is  represented  by  a 
black  shale,  and  the  ironstone  (No.  38). 

The  conglomerate^  sandrock  (No.  39)  forms  the  bottom  rock  or  bed  of 
the  Coal  Measures.  It  is  a  coarse,  red  sandstone,  heavy  bedded  or  mas- 
sive, containing,  often,  a  few  red  and  white  quartz  pebbles,  conglomerated,, 
but  the  latter  are  generally  absent  in  the  Indiana  coal  field.  This  sand- 
rock  is  only  pierced  by  the  Crescent  City  Park  bore  in  Vanderburg  county,, 
and  in  neighboring  wells,  but  is  typically  exhibited  in  adjoining  regiona 
to  the  northeast  and  south. 

The  sulHJonglomerate  Coal  A  is  only  known  by  report.  ^Its  existence 
in  this  region  is,  to  say  the  least,  problematical,  and  certainly  of  no  eco- 
nomic importance.  The  deepest  bores  report  beds  of  limestone  and  sand- 
stone, which  are  referred  to  the  Chester  beds  of  the  Sub-Carboniferous 
period.  These  bores  were  put  down  during  the  oil  excitement,  and  are 
not  very  reliable  for  minor  details,  but  their  steady  concurrence,  as  to  the 
underlying  limestone,  is  regarded  reliable. 

The  foregoing  gives  a  connected  view  of  the  ^rfece  phenomenon  and 
rocky  structure  of  the  county,  as  before  stated  almost  wholly  studied  from 
out-crops,  bores  and  shafts  in  Vanderburg  and  Pike  counties,  and  in  the 
Greene  River  regions  of  Kentucky.  Details  will  be.'^added  for  local  infor- 
mation. 

LOCAL  DETAILS. 

With  low  water  in  the  Wabash,  the  following  section  was  observed,. 
following  down  the  cutofi*: 

SECTION  AT  NEW   HARMON Y^CUT-OFF. 

Ft.  Ft,    In. 

1.  Alluvium  (river  bottoms) 30    to    10    00 

2.  Loess 20    to    10    00 

3.  Clay,  sand,  gravel,  etc.,  sorted  from  glacial  drift.  .   .      30    to    13    00 
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4.  Merom  sandstone;   majssive  in  eastern  parts,  to  the 

west  laminated 50    to    20    00 

5.  Limestone,  with  fossils  ....       4    to    12    00 

6.  Black  shale 

7.  Upper  Rash  (Doal 10   to     0    00 

8.  Shaly  sandstone 10    to    40    00 

9.  Concretionary  iron  balls Ito      2    00 

10.  Calcareous  shale,  with  fossils 1    to      2    00 

11.  BlackfSheetjshale,  with  coprolites  and  fossil  remains.        1    to      2    00 

12.  LowEB  Rash  Coal 0   to     1    06 

13.  Gray  shales,  with  plant  remains  to  low  water  in  river       2    to      4    00 

116    06 

The  lower  sandstones  of  this  locality  present  fossil  casts  of  strong  grow- 
ing plants  of  the  Permo-Carboniferous  age,  GalamUeSy  SiffiUaria  and  nu- 
merous beautiful  ferns.  A  SigiUaria  preserved  by  Mr.  Sampson  was  of 
wondrous  size.  A  part  of  the  fossils  seen  in  his  collection  were: 
LaphofJiyllum  prdifemm^  Bryozoam,  Produdus  lonffisptmiSf  P.  pundatuSy  P. 
eostatuSy  Orthia  Pecosi,  8.  lineatuSy  Athyris  sybtUUa,  Myalina  Missourienm, 
Enklium  amculatumy  Beilerophon  carbonariusy  B,  percarinatm,  B.  Montforti- 
anuSy  PeuroUnnaria  carbonariay  P.  tahtdatay  P.  sphendatay  P.  GraymUenmy 
Orthocerds  BushermSy  etc. ,  etc. 

This  section  does  not  reach  down  to  the  bottom  of  the  Upper  Coal 
Measures,  and  indicates  that  the  horizon  of  the  workable  coals  M.,  L.  and 
K.  are  from  200  to  500  feet  below. 

Continued  rains  du^cted  attention  to  the  eastern  part  of  the  county. 
A  section  was  taken  near  the  county  line,  at  M.  Gluck's,  southwest  quar- 
ter section  32,  township  6,  range  11,  where  the  upper  limestones  were 
well  developed. 

SECTION   at  cluck's. 

Ft.  In. 

Loess  loam 20  00 

Red  sand,  Loess 4  00 

Soft  Merom  sandstone 26  00 

Shaly  sandstone 12  00 

Blue  limestone •  .   .  3  feet  to  1  00 

Calcareous  argillite,  with  plates  of  chert  of  2  inches  to  8  inches, 
and  containing  Spirifer  LineatuSy  Orlhis  Peeosiy  Bellerophoiiy 

AthyriSy  ProdueluSy  and  crinoid  stems  and  arms 3  00 

Gray  and  buff  limestone,  crowded  with  a  crushed  mass  of  above 

fossils  .   .    .   , 8  00 

Gray  shale  in  brook  ..." 2  00 

76    00 

An  outcrop  of  this  flinty  (hornstone)  limerock  was  seen  further  on  in 
the  West  Franklin  road,  which  has  been  a  noted  curiosity  with  geologbts 
i7ho  have  made  this  region  famous  by  their  labors.      At  this  point, 
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fll though  not  well  exposed,  it  would  seem  from  the  sloping  outcrops  that 
the  whole  thickness  of  this  limestone  had  passed  into  clinky  hornstone 
(flint).  At  southeast  quarter  section  6,  township  7,  range  11,  the  Merom 
sandstone  is  seen  along  the  top  of  the  hill,  indicating  a  thickness  of  twenty 
Ui  thirty  feet. 

On  the  slope  of  the  hill,  near  the  residence  of  F.  Finney,  are  three 
sink  holeSf  such  as  are  so  common  in  the  region  of  the  subcarboniferouB- 
limestone,  from  ten  to  thirty  feet  in  diameter.  Their  size  indicates  an 
uniiBtial  development  of  limestone  of  this  locality.  These  are  the  only 
siuka  seen  in  our  Coal  Measures.  A  large  spring  discharges  the  water  col- 
lected hy  them.  At  the  southeast  corner  of  the  county,  about  a  mile  east 
of  West  Franklin,  the  bluffs  expose  a  bold,  precipitous  face  to  the  river. 
The  limestones,  here  parted  by  a  slight  layer  of  slate  and  thin  plates  of 
the  second  rash  coal,  are  elevated,  with  the  Merom  sandstone,  by  a  local 
iiDliclinal  ridge,  with  strike  from  northeast  to  southwest,  and  dipping^ 
sJightly  to  the  east,  but  rapidly,  for  a  short  distance,  in  the  normal  west- 
ern direction.  Much  stone  was  formerly  burned  here,  and  at  the  village 
behjw,  frn-  shipment  to  the  southern  market,  but  this  lime  contained  sa 
much  color  and  foreign  ingredients  that  it  could  not  successfully  compete 
with  the  purer  article  from  Subcarboniferous.  At  this  bluff,  Mr.  George 
M.  Priest  (to  whom  I  am  indebted  for  section  in  bore  and  other  favors) > 
in  November,  1859,  put  down  a  test  well,  which,  with  the  outcrops,  gives- 
a  good  exhibit  of  strata,  viz. : 

pRiarr'a  bluff  section,  west  half  section  19,  township  7,  range  1L 

ChUcrop. 

Ft.   III. 
Ovettid 22    00 

Yellow  ferriferous  Merom  rock 15  00- 

Pyritouti  clay  shale,  with  plates  of  sandstone 19  00 

Black  carbonaceous  slate 1  ft.  to  0  OO-    • 

Blue  limestone 1  ft,  to  4  00 

PartiriRv  2d  rash  coal 06- 

BnB"  clinky  limestone 5  06- 

Blue  nnd  black  shale,  1st  rash  coal 1  ft.  to  0  00 

Siliceous  shales,  with  iron  nodules 27  00* 

Bw€ — High-water  mark, 

SJliccout;  shale,  with  good  iron  ore  in  bands  and  nodules  ....  36  Ofr 

SlHcenuH  shales,  with  nodules 30  00 

Hard  concretions 2  CO 

Sandstone 44  03 

Laminated  sandstone  and  shale 13  00 

Blue  chides 27  00 

Very  dark  shales 3  06 

Cob1{N?) 3  06 

Fire  clay 1  06^ 

'^oltil '. 254    Oa 
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By  this  it  is  seen  that  a  coal  of  workable  thickness  exists  at  a  depth  of 
157  feet  below  high  water  mark.  Just  across  the  line,  in  Posey  county, 
the  rash  coals  are  better  exhibited,  although  of  no  great  importance. 
They  are,  at  no  locality  in  the  State,  of  workable  extent.  Near  this 
point,  and  below,  the  tops  of  the  hills,  130  feet  above  the  valley,  afford  a 
magnificent  view,  embracing  a  large  extent  of  river  and  bottom  fields,  and 
have  been  employed  as  **  look-outs,"  or  residences,  by  the  Mound  Builders 
and  other  pre-historic  races. 

Groing  north  along  the  county  line,  the  Merom  sandstone  was  noted  at 
aeveral  localities,  generally  in  Posey  county,  rising  to  the  northeast  and 
dipping  to*  the  west  southwest.  Much  diagonal  or  false  bedding  was  ob- 
served, with  wave  faces  to  west.  At  Andrew  Keek's  quarry  (northwest 
quarter  section  36,  township  7,  range  12),  half  a  mile  west  of  the  county 
line,  the  massive  member  of  the  Merom  sandstone  is  well  exposed,  and 
yields  an  excellent  quarry  stone,  in  large  blocks,  one  of  the  best  quarries 
in  the  vicinity.  In  the  lower  strata  Calamites  and  worn  trunks  of  coal 
plants  were  seen.  Below  the  quarry  is  a  band  of  black « shale,  with,  lo- 
cally, a  thin  seam  of  coal,  from  six  to  ten  inches  thick. 

The  same  sandstone  outcrops  on  the  farms  of  Charles  Keck,  Lewis 
Hauschild  and  George  Roseman  (sections  30  and  31,  township  6,  range 
11),  soft  and  incoherent  at  the  top,  but  presenting  massive  ledges,  ten  to 
twenty  feet  thick,  in  the  ravines.  A  short  distance  east  of  this  locality, 
the  sand  rock  ascends  to  the  summit  of  the  hills,  and  the  double  limestone 
and  rash  coals  are  exposed  in  the  valleys.  Massive  beds  of  sandstone  are 
seen  along  the  southern  bluffs  of  Big  Creek,  some  of  which  have  been 
quarried  for  rough  masonry.  At  Wm.  Fauquher's,  and  vicinity  (section 
6,  township  6,  range  11),  the  Merom  sandstone  caps  the  tops  of  the  hills, 
and  a  bend  of  black  carbonaceous  shale,  twelve  to  eighteen  inches  thick, 
18  seen  in  the  ravines,  representatives  of  the  second  rash  coal  of  general 
section,  the  limestones  apparently  being  absent  or  having  passed  into 
a  calcareous  shale.  A  thin  coal  was  formerly  worked,  for  blacksmiths* 
use,  on  the  Dow  farm  (northwest  quarter  section  1,  township  6,  range  12). 

On  the  dividing  ridge  between  east  and  west  branches  of  Big  Creek,  on 
the  ferm  of  Henry  Schift,  2 J  miles  southwest  from  St.  Wendell,  the 
Merom  sandstone  has  not  been  eroded,  and  crowns  an  almost  knob-like  ele- 
vation. The  lower  strata  is  soft,  micaceous,  and  readily  yields  to  the  ac- 
tion of  the  atmosphere  and  running  water ;  the  middle  or  massive  member, 
more  compact,  often  stands  out  10  to  15  feet,  overhanging  the  brook  which 
rushes  past  its  base,  forming  **  rock  houses"  like  those  so  often  seen  in  the 
conglomerate  hills.  These  have  been  used  for  shelter  in  storms  by  Indians, 
as  well  as  wild  animals.  St.  Wendell  is  a  German  village  (section  7, 
township  5,  range  11),  and  presents  many  characteristics  of  the  fatherland, 
novel  to  Americans.  The  industry,  thrift  and  prosperity  of  the  citizens 
is  proverbial.     Well  appointed  ferms,  good  gardens  and  comfortable  or 
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luxurious  houses,  filled  with  means  for  social  comfort,  enable  them  to  en- 
joy life  somewhat  independent  of  the  outside  world.  Coal  has  been  strip- 
ped to  a  very  small  extent  at  several  openings  near  the  village,  but  it  is 
impure,  thin,  and  will  not  justify  expensive  work.  On  the  farm  of  John 
Tenbarge  (west  half  section  6,  township  5,  range  11),  the  second  rash  coal 
is  found,  eleven  inches  thick,  of  fair  quality.  At  Greorge  Helfert's  (south- 
west quarter  section  7,  township  5,  range  11),  several  loads  have  been 
mined. 

SECTION  AT  HELFBKys,  ST.   WENDELL. 

Ft.     In. 

Slope,  Merom  sandstone '70  00 

Calcareous  shale  (limestone) 1  06 

Dlack  sheety  shale 2  00 

Coal,  second  rash • I  06 

Laminated  fire  clay,  in  brook 1  00 

76    00 


In  the  black  slate  covering  this  coal  was  seen  dermal  tubercles  and 
spines  of  Petrodvs  occidentxdUy  Nuevla  inflatay  Cardwmorpha  Miss(mriensi8y 
etc.  The  fish  specimens  above  are  probably  termed  **  comb-like  teeth  of 
sharks  "  in  former  Reports. 

The  northeast  part  of  the  county  is  a  prime  agricultural  region ;  per- 
haps, considering  all  the  surroundings,  the  best  in  the  country.  The  table- 
land is  a  broad,  gently  undulating  or  nearly  level  plateau,  and  offers  the 
characteristics  of  a  prairie  opening.  The  soil  produces  good  crops  of 
grass,  wheat,  4ind  a  fair  yield 'of  corn  in  its  natural  condition;  but  many 
farms  have  been  enriched  by  under-draining,  which  assures  good  crops  in 
spite  of  unpropitious  seasons,  by  fortifying  plant  life  against  flood  or 
drought.  In  this  vicinity,  the  valley  of  Big  Creek  proper  is  from  two  to 
three  miles  wide,  and  several  of  its  branches  have  valley  plains  from  one 
to  two  miles  wide,  with  only  brooks  or  wet  weather  streams  flowing  through 
them,  in  no  way  commensurate  with  the  erosion  necessary  to  excavate  such 
water-ways,  all  pointing  back  to  the  time  when  temporary  sluice-ways,, 
discharging  floods  of  ice-water  from  the  northern  and  northeastern  glaciers^ 
swept  across  here  to  the  Wabash,  by  way  of  Big  Creek,  now  an  insignifi- 
cant stream.  The  rocks  are  deeply  covered,  and  the  only  outcrop  noted 
is  a  quarry  of  Merom  sandstone  on  the  farm  of  John  Klaser  (northwest 
quarter  section  23,  township  4,  range  11).  Well  improved  iarms,  com- 
fortable houses  and  a  thrifty  people  characterize  this  vicinity. 

Continued  rains  and  overflows  concealed  the  beds  of  the  stream,  justify- 
ing  the  recall,  condensed,  of  some  of  such  sections,  by  Dr.  D.  D.  and 
Prof.  Richard  Owen,  given  in  their  Reports. 

Six  miles  north  of  New  Harmony,  near  the  residence  of  Jos.  Calvin,  a 
coal  seam  is  exposed,  about  nine  inches  thick. 
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CALVIN  SECTION. 

Ft.  Id. 

Covered  top  of  hills 70  00 

Limestone,  without  fossils 2  00 

Shaly  sandstone 5  00 

Soft  shales,  with  plants  and  shells 21  00 

Coal 0  09 

Fire  clay 2  OO 

100    09 

On  Mackadoo  Creek ^  eight  miles  northeast  of  New  Harmony,  two  thin 
seams  of  coal  are  seen. 

On  Big  Creek,  near  the  road  from  New  Harmony  to  Mt.  Vernon,  a 
bed  of  coal  eight,  to  ten  inches  thick,  is  exposed,  and  was  worked  for 
burning  lime.  The  roof  shales  contain  plant  and  fish  remains,  as  well  as 
fossil  moUusca. 

At  the  mouth  of  Rush  Creek  there  is  a  thin  bed  of  coal,  ten  to  eighteen 
inches  thick,  overlaid  by  a  bank  of  sandstone,  four  to  six  feet  thick;  and 
on  the  border  of  the  Wabash,  at  low  water,  a  bed  of  soft  shales  is  exposed, 
containing  a  great  abundance  of  plants.  The  black,  slaty  shales,  here, 
contain  many  fossils. 

SECTION   AT  BLAIBSVILLE. 

Ft.  In. 

1.  Alluvial  soil  and  Loess 5  00 

2.  Shales  and  shaly  sandstone 15  00 

3.  Coal— rash 0  03 

4.  Fire  clay,  with  broken  plants 6  00 

5.  Sandstone 6  00 

6.  Fire  clay  and  trace  of  coal 0  03 

7.  Shales  and  shaly  sandstone,. to  Creek 0  00 

32    06 


In  the  sandstone  (No.  5  of  this  section),  remarkable  fossil  remains  of 
standing  trees  were  discovered  by  Dr.  D.  D.  Owen.  One  of  the  largest 
specimens,  preserved^in  the  cabinet  of  this  distinguished  geologist  (after- 
ward destroyed  at  the  fire  of  the  State  University),  was  two  feet  three 
inches  high,  perfectly  cylindrical,  and  thirteen  inches  in  diameter  at  the 
top,  where  it  was  broken  off.  A  similar  specimen  was  secured,  and  sent 
to  the  State  Museum  by  the  writer,  in  1875. 

Graysville,  Illinois,  opposite  the  northwest  corner  of  the  count}',  gives 
the  following  expose  of  the  limestone  and  first  rash  coal : 

SECTION    AT   GRAYSVILLE. 

Ft.  In. 

Covered  space 8    00 

Bitaminoos  fossiliferous  shales 4    00 

Foasiliferous  limestone .   .  • 1    00 

Black,  bituminous  shales 0    03 
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Rash  coal — plant  remains 0  03 

Slaty  coals 0  03 

Fireclay *  1  00 

Shaly  sandstone — plant  remains 12  00 

26    09 

Many  fine  fossils  have  been  found  in  the  calcareous  beds  here,  and  some 
described  by  Norwood  and  Pratten. 

The  State  Geologist  is  indebted  to  kindness  of  Prof.  E.  T.  Cox,  his  able 
and  meritorious  predecessor,  for  the  folio wmg  facts  on  the  **  Geological 
Features  of  Posey  County."  Prof.  Cox's  long  study  of  this  vicinity,  aided 
by  the  corps  of  distinguished  laborers  in  this  science,  who  rallied  at  New 
Harmony  as  the  central  home  of  geology,  gives  them  high  value. 


LOCAL  GEOLOGICAL  FEATURES  OF  POSEY  COUNTY. 

The  geological  featurejs  of  Posey  county,  though  presenting  many  points 
of  extreme  interest  to  the  paleontologist,  are  correspondingly  uninterest- 
ing to  the  peterographic  geologist,  on  account  of  the  very  uniform  charac- 
ter of  the  rocks  which  present  themselves  to  the  view  of  the  explorer. 

We  find  the  sandstone,  which  caps  the  hills  in  the  northern  part  of  the 
county  and  extending  into  Gibson  and  Vanderburg  counties,  spreading 
over  the  whole  county  where  the  land  is  elevated  enough  to  catch  it. 
This  sandstone  is  sometimes  thin-bedded,  but  is  generally  massive,  has  a 
reddish-brown  color  and  coarse,  granular  structure,  and  is  most  probably 
a  portion  of  the  great  sandstone  so  well  pronounced  in  the  Bluffs  at  Me- 
rom,  Sullivan  county,  Hanging  Rock,  above  Mt.  Carmel,  on  the  Wabash 
River  at  the  latter  city,  and  at  Carnie's  Bluff,  below  Mt.  Carmel,  on  the 
Wabash.  It  is  also  seen  as  a  massive  rock,  but  not  so  thick,  as  found  in 
the  above  mentioned  localities,  in  the  hills  that  border  the  western  bottoms- 
of  Fox  River,  in  Illinois,  six  miles  west  and  almost  opposite  New  Har 
mony,  Indiana.  A  portion  of  this  rock  forms  the  Jjrrand  Chain,  in  the 
Wabash  River,  nine  miles  by  land  and  twenty-two  miles  by  water  below 
New  Harmony.  The  lower  part  of  this  sandstone  also  crosses  the  river  at 
the  Little  Chain.  At  the  latter  locality,  the  reef  across  the  stream  is 
formed  of  a  thin-bedded,  bluish-gray,  highly  micaceous  sandstone,  with 
here  and  there  impressions  of  stems  of  coal  plants. 

At  the  time  of  my  visit  the  United  States  River  Improvement  engineers, 
under  the  direction  of  Major  J.  A.  Smith,  were  engaged  in  dredging  up  this 
sandstone  and  building  a  breakwater  or  cribbed  wall  of  rock,  jetting  down 
the  stream  for  a  distance  of  4,000  feet  or  more.  This  dangerous  obstruc- 
tion had  been  removed  for  a  width  of  fifty  feet,  which  is  as  wide  as  the 
excavation  could  be  made  by  once  going  over,  it  being  the  intention,  next 
season,  to  take  out  fifty  feet  more  and  to  make  the  channel  one  hundred 
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feet  wide,  with  a  depth  of  six  feet  of  water  at  the  lowest  stage.  Captain 
Huston  was  in  charge^of  this  important  work,  and  entertained  us  most  hos- 
pitably on  his  dredge  boat,  the  **  Kwasind."  I  was  surprised  to  see  the 
lower  Wabash  River,  from  Mt.  Carmel  down,  such  a  large  and  important 
stream.  At  New  Harmony  it  is  twelve  hundred  feet  wide,  and  increases 
this  width  to  the  mouth,  where,  according  to  the  engineer's  report,  this 
river  discharges  more  water  in  time  of  drought  than  is  found  in  the  Ohio 
at  its  embouchere,  ten  miles  above  Shawneetown. 

SECTION    OF   FORMATIONS   AT  NEW    HARMONY. 

Ft.         Ft.    In. 

Soil  and  sub-soil 1    to      6    00 

Loess 6    to    30    00 

Drift,  yellow  clay,  with  small  crystalline  bowlders  ....    10    to    20    00 

Hard,  blue  clay  (hard-pan) J  to      1    00 

Merom  sandstone ;  sometimes  thick-bedded,  yellowish  red 
color  and  spotted  with  iron  stains ;  often  friable,  and 
seldom  suitable  for  building  purposes   .......    10    to    60    00 

Argillaceous  and  siliceous  hhales 6    to-  10    00 

Coal Jto      1    00 

Fireclay 1    to      3    00 

Limestone;   earthy,  and   of    accretionary  structure,   and 

without  fossils 0    to      2    00 

Argillaceous,  jointed,  bluish-gray  shale ;    .   .    20    to    30    00 

Thin-bedded  and  schistose  sandstone,  highly  micaceous, 
and  carrying  stems  and  trunks  of  Sigillirta  Oweni  and 

Asteropkycus  Coxii 3    to      6    00 

Banded  limestone,  with  Palaopkycus  MiUeri 0    to     0    02 

Calcareous  shale   and    limestone,  full  of    fossils  (West 

Franklin  limestone) 2    to    25    00 

Argillaceous  shales,  with  some  coal  plants,  black,  bitumin- 
ous, sheety  shales,  with  fish  teeth  and  CoprolUes  ...      0    to     -2    00 

Ck)al Oto     0    06 

Bluish  underclay,  full  of  fossil  plants 0    to      3    00 

Low  water,  Wabash  River. 

Underneath  the  sandstone  ( which  I  have  traced  from  Merom  to  the 
Ohio  River,  and  which,  for  the  purpose  of  convenience,  and  fixmg  the 
continuity  in  the  mind  of  the  reader,  has  been  designated  as  the  Merom 
sandstone),  there  is  a  massive  bed  of  siliceous  and  argillaceous  shales,  with 
intercalated  beds  of  fossiliferous,  calcareous  shales  and  earthy  limestones. 
At  West  Franklin,  opposite  Diamond  Island,  the  limestone  is  of  very  great 
thickness. 

Prof.  E.  T.  Cox  is  of  the  opinion  that  the  West  Franklin  limestone  has 
its  counterpart  in  the  Carthage  limestone,  which  crops  in  the  bank  of  the 
Ohio  River,  about  one  mile  below  TJniontown,  Union  county,  Ky.  On 
Big  Creek,  near  the  road  from  New  Harmony  to  Mt.  Vernon,  this  lime- 
stone is  not  80  thick,  and  is  of  a  black  color,  very  close  grained,  breaks 
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with  irregular  fracture,  and  has  a  strong  foetid  odor.  It  contains  a  few 
characteristic  Coal  Measure  fossils,  very  perfectly  preserved,  but  difficult 
to  procure  on  account  of  the  hardness  of  the  rock.  The  fossils  are  white 
and,  when  the  rock  is  polished,  they  show  white  on  a  black  background. 
If  the  stone  could  be  had  in  dimensions  free  from  cracks,  it  would  be  val- 
uable as  a  marble  for  mantles,  table  tops  and  other  decorative  purposes. 

At  the  Lower  Hills,  in  Bethel  township,  the  limestone  seen  in  the 
shales  above  alluded  to,  is  of  an  earthy,  accretionary  character,  not  at  all 
resembling  the  West  Franklin,  and  is  without  fossils.  On  the  road  from 
New  Harmony  to  Evansville,  and  about  five  miles  east  of  the  Posey 
county  line,  the  West  Franklin  limestone  is  seen  in  great  force,  cut  through 
by  the  drainage  ravines,  and  is  extensively  quarried  for  lime. 

At  the  cut-off,  in  the  edge  of  New  Harmony,  there  is  a  beautiful  ex- 
posure of  the  lower  part  of  the  Merom  sandstone  and  the  upper  portion 
of  the  underlying  shales.  About  ten  feet  of  the  sandstone,  of  a  coarse- 
grained, friable  nature,  .and  reddish-brown  color,  has  under  it  five  or  six 
feet  of  argillaceous  shale,  containing  a  seam  of  poor  coal,  eight  inches 
thick,  underlaid  by  a  bed  of  fire  clay  that  will  answer  well  for  coarse  pot- 
tery; and,  beneath  the  latter,  is  an  earthy  accretionary  limestone  of  a 
reddbh-brown  color,  and  wholly  barren  of  fossils.  Under  this  limestone 
is  a  massive  bed  of  bluish-gray,  jointed,  argillaceous  shale,  improperly 
called  soapstone.  Under  this  shale,  there  is  a  bed  of  sandstone,  about 
thirty  feet  thick,  in  layers  from  two  inches  to  twelve  inches  thick.  The  total 
thickness  of  this  bed  varies,  and  is  best  seen  at  the  mouth  of  the  cut-oiT, 
where  it  was  quarried  by  the  Old  Harmony  society  for  the  foundations  of 
its  hall,  and  for  the  ornamental  doorway,  the  lintels  and  other  portions  of 
the  building.  This  doorway  was  carved  by  Frederick  Rapp.  It  can  not 
be  considered  a  durable  stone,  though  the  blocks  for  the  above  purpose 
appear,  so  far,  to  have  withstood  the  test  of  fifky-one  years.  Under  this 
sandstone,  at  the  site  of  the  lower  dam,  in  the  cut-ofi*,  there  is  exposed,  in 
the  bed  of  the  river  and  along  its  shores,  another  mass  of  shales,  contain- 
ing a  band  of  flat  ironstones,  rich  with  remarkable  fossilized  ferns  that  are 
in  bold  relief.  Some  of  the  most  remarkable  have  been  figured  and  de- 
scribed by  Prof.  Leo  Lesquereux,  in  the  Report  for  1875.  The  best  pre- 
served specimen  was  found  on  Brouillet's  Creek,  in  Verraillion  county, 
and  obtained  from  the  cabinet  of  Mr.  J.  F.  Miller,  Superintendent  of  the 
Pan-Handle  Railroad,  Richmond,  Indiana.  While  on  a  visit  to  this  place 
with  Mr.  James  Sampson,  of  New  Harmony,  he  found  and  gave  to  the  State 
Museum  some  of  the  very  best  and  most  interesting  specimens  that  have 
yet  been  discovered.  The  name  given  by  Prof  Leo  Lesquereux  is  Pakeo- 
phyeus  Milleri, 

These  shales  and  schistose  rocks  are  found  throughout  the  county,  and 
may  be  seen  in  most  of  the  streams  in  times  of  drought  or  extreme  low 
water.     On  Macadoo  Creek,  near  the  road  leading  from  New  Harmony 
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to  the  Hume  settlement,  they  are  quite  siliceous,  and  contain  casts  of  many 
fossil  shells,  conspicuous  among  which  is  seen  MoTwpteria  lonffispina,  Cox. 

At  Blairsville,  on  Big  Creek,  they  contain  upright  trunks  of  trees, 
Sigillaria  Oweni,  Lesq.  From  this  &mous  locality  Dr.  David  Dale  Owen 
obtained  many  specimens,  from  six  inches  to  a  foot  and  more  in  diameter 
and  three  feet  high  from  the  branching  roots  to  the  top  of  the  broken 
body.  Sir  Charles  Lyell,  when  on  his  second  visit  to  this  country,  accom- 
panied by  Dr.  Owen,  made  a  careful  examination  of  this  locality.  Not 
only  has  it  been  examined  by  the  above  mentioned  parties,  but  during  the 
years  before  it  had  received  the  attention  of  William  Maclure,  Thomas 
Say,  C.  A.  Leseuer  and  Dr.  Troost;  subsequently  by  Norwood,  Shumard, 
Pratten,  Worthen,  Lesquereux,  Cox,  and  many  others.  Below  the  roots 
of  these  standing  trees  is  a  bed  of  argillaceous  shales,  containing  some 
fossil  ferns,  and  other  coal  plants,  and  a  thin  seam  of  coal. 

The  calcareous  beds  which  underlie  this  member  of  the  general  section 
were  best  exposed  on  the  bank  of  the  Wabash,  just  above  the  mouth  of 
Rush  Creek,  but  they  had  been  so  extensively  worked  for  fossils  by  the 
very  many  geologists  who  congregated  at  New  Harmony,  that  the  subse- 
quent freshets  of  the  Wabash  have  filled  up  the  excavation  to  such  a 
depth  that  it  would  be  a  vast  and  expensive  undertaking  to  excavate  it  so 
as  to  again  expose  the  fossil  bed.  At  the  cut-off  the  fossil  bed  is  not  so 
thick ;  but  it  was  crowded  with  fossils  that  have  gone  to  enrich  the  cabi- 
nets of  the  country. 

I  should  have  stated .  that  the  two  massive  blocks  of  limestone,  above 
alluded  to,  in  the  cut-off  and  the  Rush  Creek  locality,  iumished  the  fossils 
for  the  excellent  monograph  on  carboniferous  fossils  published  by  Nor- 
wood and  Pratten,  also  a  subsequent  publication  by  J.  H.  McChesney. 

Any  one  wishing  to  study  the  fossils  of  these  &mous  localities  must 
visit  the  extensive  coUection  made  and  owned  by  Mr.  James  Sampson,  of 
New  Harmony.  Every  available  part  of  his  residence  contains  cabinets 
that  are  fill^  with  fossils  and  other  objects  of  natural  history.  But  it  is 
when  you  enter  what  he  calls  his  **  sanctum  sanctorum"  that  one  is  bewil- 
dered with  the  vastness  of  his  labors  in  bringing  together  the  natural  his- 
tory of  this  renowned  regTon  of  the  State.  There  are  two  rooms  to  this 
temple  of  science.  The  first  one  you  enter  contains  his  work  bench, 
around  which  is  to  be  found  a  multitude  of  tools  suitable  for  all  kinds  of 
work.  In  the  center  is  a  round  table  for  books,  papers,  etc.  The  ends 
are  filled  with  cabinets  and  shelves,  crowded  to  their  utmost  capacity  with 
choice  specimens.  The  ceiling  overhead  is  completely  covered  with  pre- 
pared specimens  of  fishes,  chelonise,  snakes,  etc.,  etc.  The  next  room 
has  its  sides  and  ends  filled  with  cabinets  from  top  to  bottom,  and  in  the 
central  space,  leaving  a  narrow  walk  on  each  side,  is  also  a  string  of  cab- 
inets. Here  are  to  be  seen  Indian  relics  of  all  kinds,  among  which  are 
a  great  many  that  are  rare  and  precious.     In  others  are  the  prepared 
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skulls  of  all  the  birds  "and  quadrupeds  of  the  district,  feet  of  birds,  etc. 
There  are  rows  of  bottles  filled  with  reptiles.  Here,  again,  every  avail- 
able spot  on  the  ceiling  is  covered  with  heads  and  skins  of  animals. 

When  you  have  finished  looking  through  this  vast  museum,  you  will 
not  feil  to  be  impressed  with  the  amount  of  labor  required,  through  the 
single  exertions  of  one  man,  to  hunt  them  up  and  clean  the  fossils  from 
their  rock  matrix,  more  or  less  diflicult  to  remove,  and  place  everything 
away  in  admirable  order.  Mr.  Sampson  is  now  77  years  old,  and  is  still 
a  hale  and  hardy  man,  and  just  as  full  of  enthusiasm  for  collecting  as  in 
his  younger  days.  He  walked  with  me  to  visit  many  localities  and,  on 
returning  in  the  evening,  showed  no  signs  of  the  least  fetigue — in  fact, 
was  not  nearly  so  tired  as  I  found  myself. 

Mr.  Sampson  is  not  the  only  collector  and  naturalist  at  New  Harmony, 
for  this  is  also  the  home  of  Prof.  Richard  Owen,  the  former  State  Geolo- 
gbt  of  Indiana,  and  for  many  years  Professor  of  Geology  and  Natural 
History  in  the  State  University,  at  Bloomington.  At  the  time  of  my 
visit,  this  distinguished  scientist  and  author  was  absent,  with  his  wife,  on 
a  visit  to  the  Southern  Exposition,  at  Louisville.  I  met  him  on  the  cars 
as  they  were  returning  home,  but,  being  on  the  way  to  GriflSth  Station,  I 
was  sorry  that  I  could  not  accept  his  kind  invitation  to  pay  him  a  visit. 

I  found  that  Mr.  John  Chappelsmith  had,  on  the  death  of  his  wife,  re- 
turned to  England.  He  lived  for  many  years  in  New  Harmony,  and 
drew  all  of  the  fossils  that  were  described  by  Prof.  E.  T.  Cox,  and  fig- 
ured in  the  3d  Kentucky  Report.  He  was  a  skilled  artist  and  engraver. 
I  spent  an  afternoon  at  Mrs.  Thomas',  looking  over  several  scrap  books 
that  contained  specimens  of  drawings  and  steel-plate  engravings.  They 
were  admirably  drawn  and  showed  great  skill. 

The  calcareous  shales  of  the  cutoff*  and  Rush  Creek  are  also  seen  in  the 
bank  of  the  Wabash  River,  at  Gra3rville,  Illinois,  twelve  miles  above  New 
Harmony.  At  the  latter  locality,  it  is  highly  fossiliferous,  and  there  is  a 
band  of  ironstone  just  above  it,  which  has  furnished  a  large  number  of 
remarkable  Cephalopoda^  LameUibranchiata,  Brachiopoda,  Gasteropoda, 
Pteropoda,  Bryozoa,  and  corals.  Like  Rush  Creek  and  the  cut-off,  this 
also  has  been  a  place  of  great  resort  for  the  New  Harmony  naturalists, 
and  has  furnished  specimens  that  were  new  to  science. 

William  Maclure,  who  purchased  one-half  of  the  town  of  New  Har- 
mony from  Robert  Owen,  in  1825,  for  the  purpose  of  promoting  a  love  for 
natural  history,  was,  himself,  one  of  the  earliest  workers  in  geology,  and, 
indeed,  might  properly  be  classed  as  one  of  the  founders  of  the  science. 
He  crossed  the  Alleghany  Mountains  many  times  on  foot,  to  study  their 
rocky  structure,  and  lived  long  enough  to  see  his  conclusions,  which  were 
published  in  book  form,  verified  by  the  research  of  modern  students.  As- 
sociated with  him  at  New  Harmony  was  Thomas  Say,  styled  the  great 
American  naturalist;  C.  A.  Leseuer,  the  great  artist  and  ichthyologist  of 
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the  expedition  of  La  Peruse,  fitted  out  under  the  auspices  of  Napoleon  I, 
to  explore  Australia ;  D.  Troost,  the  eminent  geologist  and  mineralogist, 
who  afterwards  moved  to  Nashville,  where  he  died,  leaving  a  cabinet  of 
great  scientific  value.  These  eminent  men  were  followed  by  the  late 
David  Dale  Owen,  M.  D.,  and  his  brother.  Prof.  Richard  Owen,  who 
came  to  New  Harmony  in  1832,  fresh  from  the  schools  of  Europe.  Dr. 
D.  D.  Owen  commenced  at  once  to  arrange  a  chemical  laboratory  and 
museum  of  natural  history  on  a  scale  that,  in  those  days,  had  no  superior 
in  this  country.  William  Maclure  turned  over  to  him  his  vast  collection 
of  rocks  and  minerals  that  had  been  made  in  Italy,  Spain,  Portugal,  West 
Indies,  Mexico  and  France,  at  a  great  cost.  So  vast  was  this  valuable 
collection  that  many  boxes  remained  unopened  up  to  the  time  of  their  re- 
moval to  the  State  University  at  Bloomington.  In  1837,  D.  D.  Owen 
was  appointed  United  States  Geologist,  with  headquarters  at  New  Har- 
mony. He  was  instructed  to  make  a  reconnoisance  of  what  was  then  the 
Great  Northwest,  now  Minnesota,  Wisconsin,  Iowa,  and  the  northern  part 
of  Illinois,  in  order  to  point  out,  for  preservation  by  the  Government,  the 
salt  springs,  lead  and  other  mineral-bearing  rocks,  previous  to  offering  the 
lands  for  sale.  This  herculean  task  was  accomplished  in  two  months,  and 
the  report  laid  before  Congress  at  the  opening  of  the  next  session.  Sev- 
eral hundred  men  were  employed  in  making  the  survey.  They  were  di- 
vided into  companies,  having  an  intelligent  head  to  look  after  the  work, 
and  each  company  was  allotted  a  district,  in  which  every  section  was  to  be 
visited  and  samples  of  the  rocks  collected.  At  stated  points.  Dr.  Owen 
would  meet  each  camp,  and  study  the  work  accomplished.  The  country 
was  almost  without  settlements,  and  eaoh  camp  had  to  be  supplied  with 
hunters,  whose  duty  it  was  to  furnish  game  for  subsisttsnce. 

In  looking  over  Dr.  Owen's  report,  one  can  not  fail  to  appreciate  the 
skill  and  fidelity  with  which  this  great  geologist  performed  this  survey  un- 
der immense  difficulties  and  in  such  a  short  time.  He  carried  with  him 
on  the  trip  up  the  Mississippi  a  suite  of  rocks  and  minerals,  which  were 
exposed  on  a  table  in  the  cabm  of  the  steamboat,  and  he  would  daily  give 
his  men  instruction  in  geology  and  point  out  the  characteristic  rocks  of 
the  leading  formations  and  the  minerals  that  it  was  likely  would  be  found 
in  them.  In  this  waj;,  by  the  time  they  reached  the  place  to  disembark, 
they  had  been  made  acquainted  with  the  first  principles  of  geology.  In 
after  years,  this  great  region  was  more  systematically  surveyed  by  Dr. 
Owen. 

The  headquarters  of  the  United  States  Geological  Survey  continued  at 
New  Harmony  up  to  1856.  Among  the  geologists  competed  with  these 
surveys,  who  spent  more  or  less  time  at  New  Harmony,  were  Dr.  J.  G. 
Norwood,  B,  F.  Shumard,  Dr.  Litton,  Col.  Charles  Whittlesy,  the  vet- 
eran geologist,  Dr.  Locke,  F.  B.  Meek,  the  eminent  paleontologist,  and 
others. 
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After  the  completion  of  the  Smithsonian  Institution  building  at  Wash- 
ington, the  headquarters  of  the  Government  surveys  were  established  in 
that  city. 

Dr.  Owen  was  placed  in  charge  of  the  Kentucky  survey  and  the  Ar- 
kansas survey,  with  Dr.  J.  G.  Norwood  in  charge  of  the  Illinois  survey, 
and  Prof  Richard  Owen  in  charge  of  the  Indiana  survey,  all  of  whom 
had  headquarters  at  New  Harmony,  where  the  advantages  of  comparison 
could  be  found  in  the  extensive  cabinets  of  the  Owen  collection.  New 
Harmony,  then,  became  the  resort  of  a  great  many  geologists,  some  of 
whom  made  it  their  home.  I  may  mention  among  these,  as  connected 
with  the  Kentucky  survey,  Maj.  Sidney  Lyon,  Prof.  E.  T.  Cox,  Leo 
Lesquereux,  Mr.  Nicholson,  civil  engineer  and  topographist.  In  the  Ar- 
kansas survey,  E.  T,  Cox,  Leo  Lesquereux,  Dr.  Elderhorst  (author  of 
**  Elderhorst  on  the  Blowpipe"),  and  Joseph  Lesley;  on  the  Illinois  sur- 
vey, J.  G.  Norwood,  chief;  Henry  Pratten,  J.  H.  Wolfers,  Dr.  Vamer, 
A.  H.  Worthen  and  J.  H.  McChesney.  In  the  Indiana  survey,  Richard 
Owen  and  Leo  Lesquereux.  From  this,  it  will  be  understood  why  New 
Harmony  became  a  kind  of  Mecca  for  geologists  and  naturalists.  Sub- 
sequently, A,  H.  Worthen  became  State  Geologist  of  Illinois,  and  the 
headquarters  was  moved  to  Springfield.  Prof.  E.  T.  Cox  was  appointed 
State  Geologist  of  Indiana  in  1869,  and  the  headquarters  of  the  survey 
was  established  at  Indianapolis. 

ECONOMIC    GEOLOGY. 

The  survey  is  indebted  to  the  favor  of  Gen.  Alvin  P.  Hovey  for  the  fol- 
lowing paper  on  the  common  sense  interests  of  Posey  county,  and  it  is  so 
reliable  and  pointed  that  it  is  given  verbatim : 

Posey  county  was  organized  in  1814  and  named  in  honor  of  one  of  our 
Territorial  Governors,  Gen.  Thomas  Posey. 

It  lies  in  the  extreme  southwestern  part  of  the  State,  and  is  bounded, 
on  the  south  and  west,  by  the  Ohio  and  Wabash  Rivers,  for  the  distance, 
by  their  sinuosities,  of  at  least  one  hundred  and  forty  miles. 

The  topography  of  this  part  of  the  State  is  but  very  imperfectly  known 
abroad.  The  great  body  of  the  county  b  gently  undulating.  Large 
tracts  of  rich  black  soil  are  found  in  level  lands  or  flats  of  Black  River, 
Big  Creek  and  Point  townships,  which  are  above  all  overflows  of  the  Ohio 
and  Wabash  Rivers. 

There  is  a  general  misapprehension  as  to  the  ** bottom  laud"  of  the  riv- 
ers. Commendfhg  where  the  southeastern  line  strikes  the  Ohio  River, 
following  it  down  to  the  Wabash,  and,  thence,  up  the  Wabash,  to  the 
northwestern  comer  of  the  county,  near  Gray  ville,  Illinois,  a  strip  of  land 
on  the  margins,  not  exceeding  a  half  a  mile  in  general  width,  forms  the 
celebrated  **bottoms,"  or  com  lands,  of  Posey.    These  bottoms  have  given 
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the  travelers  on  the  river  the  general  idea  that  the  whole  of  the  county 
is  a  level  swamp.  Commencing  at  Mt.  Vernon,  and  runnmg  north  to 
Cynthiana,  it  can  be  safely  said,  that  no  finer  or  better  land  can  be  found 
in  this  State,  or  any  other  part  of  the  United  States.  The  best  of  water 
is  found  in  every  locality,  and  a  failure  of  any  crop  is  unknown  to  the 
oldest  inhabitant.  There  are  many  fine  fields  of  wheat  which  have  been 
cultivated  for  fifty  years,  and  producing  more  now  than  they  did  in  for- 
mer years.  It  has  a  rejuvenating  subsoil,  that  seems  to  be  exhaustless 
and  improves  on  continued  cultivation.  In  wheat,  it  is  the  banner  county 
of  Indiana,  the  "Banner  State,"  and  produces  over  4,000,000  bushels  of 
com,  or  maize,  with  a  capacity,  when  fully  developed,  of  almost  doubling 
its  present  productions.  Below  is  given  an  abstract  taken  from  the  office 
of  the  Auditor,  for  1883  —  that  for  1884  is  not  yet  complete,  and  may 
be  increased  by  at  least  ten  per  cent. 

1883. 

Acres  of  wheat 60,693 

Acres  of  com,  up-land 79,641 

Acres  of  com,  bottom  land 13,372 

Acres  of  oats 3,615 

Acres  of  barley 101 

Acres  of  rye 104 

Acres  of  Irish  potatoes 760 

Acres  of  sweet  potatoes 99 

Acres  of  timothy  hay 5,042 

Acres  of  clover 12,087 

Acres  of  blue  grass 1,234 

Drain  tile,  rods •    •    • 89,346 

I  will  only  observe  that  our  wheat  averaged  about  eighteen  bushels  per 
acre,  which  would  amount  to  about  95,000  bushels ;  corn  land  at  least 
forty-five  bushels  per  acre,  or  over  4,000,000  bushels ;  besides  other  grain. 
There  are  probably  about  20,000  acres  of  good  land  held  by  their  owners 
out  of  cultivation  as  timber  land,  which  is  of  the  best  quality. 

There  are  outcroppings  at  West  Franklin,  ten  miles  above  Mt.  Vernon, 
and  on  the  Grand  Chain,  on  the  Wabash,  of  sandstone  and  bastard  lime- 
rocks,  but  of  no  considerable  quantities.  There  can  be  but  little  doubt  that 
the  whole  county  is  made  land,  with  the  usual  coal  formation  in  this  locality; 
and  vein  M.,  worked  at  Evansville,  Shawneetown,  Henderson,  and  other 
surrounding  localities,  clearly  prove  the  existence  of  the  same  formations 
here.  There  are  eight  or  more  spots  in  the  county,  at  different  points, 
where  coal,  in  the  upper  or  thinner  veins,  crop  out.  The  working  vein 
at  Mt.  Vernon  will,  probably,  be  found  at  about  200  feet  below  the  sur- 
face, and  a  company  is  about  to  be  formed  to  sink  a  shaft  on  the  Ohio, 
near  Mt.  Vernon.  The  highlands,  commencing  at  the  upper  part  of  the 
city  of  Mt.  Vernon,  and  extending  about  eight  miles  below,  are  above  the 
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highest  water  of  the  Ohio  River,  and  are  destined,  at  no  distant  day,  to 
be  covered  with  manufacturing  establishments.  There  is  no  other  locality 
on  all  the  banks  of  the  Ohio  River,  from  Pittsburgh  to  its  mouth,  where 
eight  continuous  miles  of  high  banks,  above  all  high  water,  can  be  found. 
It  will  be  the  foundation  for  a  future  great  city ;  for  as  the  drainage  of  all 
the  table  lands  of  the  Ohio  valley  are  speedily  thrown  into  the  river,  by 
the  hundreds  of  thousands  of  miles  of  tQing  and  artificial  ditches,  the  river 
will  be  annually  subject  to  increasing  overflows,  until  manufacturers  will 
be  compelled  to  abandon  all  overflowed  localities  and  seek  positions  above 
the  swelling  waters. 

Without  doubt,  there  is  a  bright  future  for  Posey.  No  other  county  of 
the  same  number  of  square  miles  has  the  same  agricultural  advantages. 
Every  part  of  her  one  hundred  and  forty  miles  of  river,  and  her  eighty 
miles  of  railroad  running  through  her  lands,  offer  to  the  agriculturist 
markets  for  the  vast  quantities  of  grain  grown  upon  her  soil.  The  rivers 
compete  with  the  rail,  and  the  rail  with  the  rivers,  for  low  freights,  and 
the  agriculturist,  instead  of  being  at  the  mercy  of  one  kind  of  transit  for 
his  produce,  has  his  option  to  select  another. 

ARCHEOLOGY. 

Posey  county  was  the  center  of  mechanical  skill  in  the  time  of  the 
Mound-Builders.  Copper  was  beaten  into  thin  plates,  for  buttons,  gorgets 
and  tiny  bells ;  obdurate  flint  was  polished  as  are  Danish  flints;  shells  from 
the  ocean  were  pierced  and  polished  for  ornaments ;  beautiful  vases  and 
vessels  were  made  in  perfect  symmetry;  and  the  native  pearls  of  the 
Wabash  were  prepared  and  pierced  to  serve  as  beads. 

Several  good-sized  mounds  were  seen  on  the  bluff*,  one  hundred  and  sev- 
enty feet  above  the  Ohio,  at  West  Franklin,  giving  a  wide  out-look  over 
the  beautiiiil  river  and  its  rich  valley  lands. 

A  clump  of  mounds  on  the  bluff*  overlooking  New  Harmony  attracted 
the  attention  of  our  early  scientists.  One  was  opened  and  described  by 
Leseuer.  At  the  same  town  the  old  German  burial  ground  is  dotted 
with  mounds,  showing  the  taste  of  our  predecessors  for  beauty  in  aspect 
and  situation. 
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LOCATIONS. 
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NoTK— The  first  three  of  the  low  water  elevations  given  above  for  White  River,  are  taken 
from  a  survey  made  in  1879 ;  the  others  ft>om  a  survey  made  in  1880.  Distance  from  mouth  of 
White  River  to  Mt  Carmel  R.  R.  Bridge  is  1.15  miles. 

The  above  distances  and  elevations  have  been  carefully  compared  and 
corrected  by  Jared  A.  Smith,  Major  of  Engineers,  U.  S.  Army,  to  whom 
thanks  are  returned. 
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BY  RYLAND  T.  BROWN,  A.  M.,  M.  D. 


GEOGRAPHICAL  AND  HISTORICAL  NOTES. 

Morgan  county  covers  an  area  of  409  square  miles,  lying  in  an  irregu- 
lar square,  the  eastern  and  southern  boundaries  being  unbroken  section 
lines,  while  the  northern  line  has  an  offset  of  two  miles,  and  the  western 
one  an  oflfeet  of  three  miles,  and  an  irregularity  at  its  northern  extremity 
caused  by  Mill  Creek  forming  a  part  of  the  line.  Morgan  county  is 
bounded  on  the  north  by  Hendricks  and  Marion,  on  the  east  by  Johnson, 
on  the  south  by  Monroe  and  Brown,  and  on  the  west  by  Owen  and  Put- 
nam counties.  It  was  organized  in  the  spring  of  1822  by  the  appoint- 
ment of  Benjamin  Hoffman,  Jonathan  Williams  and  Larkin  Reynolds, 
County  Commissioners,  George  H.  Beeler,  Clerk,  and  Benjamin  Cutler, 
Sheriff.  These  appointments  were  made  by  the  Governor,  and  the  com- 
missioners proceeded  to  divide  the  county  into  civil  townships  and  com- 
plete the  organization  by  ordering  an  election  for  the  remaining  county 
and  the  township  officers. 

The  first  permanent  settlement  of  white  inhabitants  in  Morgan  county 
was  made  in  the  spring  and  summer  of  1819,  on  the  southeast  side  of 
White  River,  between  the  mouth  of  Crooked  Creek  and  the  bluff,  where 
the  village  of  Waverly  now  stands. 

Soon  after  the  ratification  of  the  treaty  of  St.  Mary's  (in  the  autumn 
of  1818),  extinguishing  the  Indian  title  to  all  the  land  lying  in  the  cen- 
tral portion  of  the  State,  an  idea  became  prevalent  that  the  four  sections 
of  land  donated  to  the  State  for  a  capital  by  the  act  of  Congress  admit- 
ting it  into  the  Union,  would  be  located  near  the  bluffs  of  White  River. 
This  brought  a  number  of  adventurers  into  the  wilderness,  even  before 
the  land  was  surveyed.  This  settlement  before  the  close  of  the  year  1819 
had  sweUed  to  the  number  of  about  a  dozen  families,  which  served  as  a 
kind  of  center  of  distribution  for  subsequent  immigration. 

Cyrus  Whetzel,  who  located  his  cabin  near  the  mouth  of  Bluff  Creek, 
had  opened  a  trace  through  the  forest  from  the  older  settlements  on  White 
Water,  and  for  several  years  afterward  **  Whetzel's  trace"  was  an  institu- 
tion familiar  to  all  emigrants  from  the  east  to  Central  Indiana.     Hiram 
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T.  Craig  and  James  and  Robert  Stott,  who  settled  at  the  mouth  of 
Crooked  Creek,  two  miles  below  WhetzeFs,  had  also  opened  a  trace  from 
Vernon,  by  the  mouth  of  Flat  Rock,  now  Columbus.  This  opened  a 
commimication  with  the  southern  settlements  of  Indiana,  and  gave  this 
early  pioneer  colony  a  prominence,  and,  indeed,  made  it  the  parent  of 
numerous  other  backwood  settlements. 

The  county,  at  present,  is  divided  into  fourteen  civil  townships,  ar- 
ranged in  four  tiers,  north  and  south,  beginning  at  the  north  end  of  the 
eastern  tier,  as  follows :  First,  Madison,  Harrison,  Greene  and  Jackson ; 
second.  Brown,  Clay  and  Washington ;  third,  Monroe,  Gregg,  Jefferson 
and  Baker ;  fourth,  Adams,  Ashland  and  Ray.  These  are  quite  irreg- 
ular, both  in  size  and  form,  several  of  them  having  White  River  for  one 
boundary,  which  gives  a  very  irregular  margin. 

The  principal  towns  are  Martinsville,  in  Washington  township,  the 
county  seat ;  Mooresville,  in  Brown ;  Brooklyn  and  Centerton,  in  Clay ; 
Waverly,  in  Harrison;  Morgan  town,  in  Jackson;  Paragon,  in  Ray; 
Alaska,  in  Ashland  ;  Eminence,  in  Adams ;  Hall,  in  Gregg,  and  Monro- 
via, in  Monroe. 

DRAINAGE  AND  TOPOGRAPHY. 

White  River  traverses  Morgan  county  diagonally  from  northeast  to 
southwest,  and,  with  its  tributaries,  furnishes  ample  drainage  for  the 
whole  county,  with  the  exception  of  Adams  and  a  part  of  Ashland  town- 
ships in  the  northwest  comer  of  the  county,  which  are  drained  by  trib- 
utaries of  Eel  River.  On  the  southeast  side,  White  River  receives  Bluff* 
Creek,  Crooked  Creek,  Stott's  Creek,  Clear  Creek,  Indian  Creek,  Little 
Indian  Creek  and  Bryant's  Creek.  From  the  opposite  side,  it  receives 
White  Lick,  Sycamore  Creek,  Highland  Creek,  Lamb's  Creek,  Burk- 
hart's  Creek,  Fall  Creek  and  Butler's  Creek.  Running  westwardly  into 
Eel  River,  we  have  Lake  Creek,  Mud  Creek  and  Rhoades'  Creek.  These 
complete  a  most  jxjrfect  system  of  drainage,  and,  at  the  same  time,  sup- 
ply the  country  with  water  from  numerous  springs  which  break  out  along 
their  several  courses.  White  River  is  a  large  stream,  having  been  de- 
clared a  public  highway  for  navigation  by  act  of  Congress  before  the  land 
was  surveyed. 

In  the  early  years  of  the  settlement  of  this  county,  flatboats  loaded  with 
produce,  were  occasionally  floated  to  New  Orleans,  at  the  time  of  spring 
freshets  in  White  River,  and  in  the  spring  of  1824  a  stern-wheel  steam- 
boat made  its  way  up  this  stream  as  far  as  Indianapolis.  But  sincethe 
forests  have  been  cleared  away,  the  streams  have  greatly  diminished 
in  size  and  persistence  of  volume,  f hough,  if  there  was  a  demand  for  it, 
White  River  could  still  be  used  for  flatboat  navigation  at  the  time  of 
spring  floods ;  but  railroads  having  supplied  the  demand  for  transportation, 
the  river  is  no  longer  used  for  that  purpose.    The  general  course  of  White 
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River  through  Morgan  county  is  more  direct  than  it  is  above  this,  and  a 
number  of  short  curves  and  *'  horse-shoe  bends,"  which  existed  when  the 
bottom  lands  were  covered  with  timber,  have  been  relieved  by  the  water 
making  a  new  channel  or  **cut-ofr"  since  the  forests  were  cleared  away. 
A  cordon  of  rocks  form  rapids  in  the  river  in  section  32,  range  1  east, 
township  12  north,  in  which  the  river  has  a  fall  of  four  feet  in  half  a  mile. 

Several  of  the  tributaries  of  White  River,  above  named,  were,  formerly, 
regarded  as  valuable  mill  streams,  but  at  present  they  are  nearly  dry 
during  the  summer  and  fall  months,  and  are,  therefore,  practically  worth- 
less for  mill  purposes. 

In  its  general  surface,  Morgan  county  is  more  diversified  than  most 
other  counties  in  the  State.  A  belt  of  country  along  the  northern  border 
of  the  county,  embracing  Madison,  Brown,  Monroe  and  Adams  townships, 
is  quite  level,  or,  at  most,  not  so  broken  as  to  materially  interfere  with 
cultivation.  It  is  covered  with  a  deep  deposit  of  drift  material,  forming 
a  soil  more  largely  mixed  with  sand  than  the  clay  soil  of  the  regions 
further  north.  It  is,  therefore,  a  friable,  mellow  soil,  easily  cultivated 
and  very  productive.  Adams,  and  the  western  half  of  Monroe  township, 
present  large  tracts  of  black-muck  swamp  lands,  that  were  originally  cov- 
ered with  water  a  great  part  of  the  year;  but  ditching  and  underdrainage 
b  converting  these  swamps  into  the  best  of  farm  lands,  especially  adapted 
to  the  production  of  corn.  This  region  was  originally  covered  with  a 
heavy  forest  of  white  oak,  burr  oak,  ash,  beech,  sugar  maple,  black  wal- 
nut, yellow  poplar  (tulip  tree),  hickory,  etc.  But  little  of  this,  however, 
remains.  Much  of  it  was  displaced  to  make  room  for  cultivation,  and  the 
recent  demand  for  walnut,  poplar,  ash  and  oak  lumber  has  thinned  out 
most  of  the  choice  timber  from  the  forests  that  remain. 

Directly  south  of  this  belt,  and  embracing  the  greater  part  of  Clay, 
Gregg  and  Jefferson  townships,  lies  a  region  of  knobs,  but  little  of  which 
is  level  enough  for  profitable  cultivation.  The  hills,  in  some  places,  rise 
to  the  altitude  of  three  hundred  feet  above  the  level  of  the  river,  and  are 
frequently  so  steep  as  to  make  the  ascent  diflScult,  even  on  foot.  The  sur- 
fece  soil  of  these  knobs  is  generally  clay,  with  but  a  very  t]fin  coat  of  veg- 
etable loam  covering  it.  It,  however,  produces  a  good  growth  of  grass, 
and  both  peach  trees  and  apple  trees  make  a  vigorous  growth  on  it,  and 
appear  to  be  long-lived.  These  knobs,  therefore,  may  be  utilized  for  pas- 
turage and  fruit  culture.  The  forest  on  these  hills  was  originally  a  rather 
small  growth  of  white  oak,  jack  oak,  black  hickory,  with  an  occasional 
grove  of  sugar  maple.  Much  of  this  timber  has  been  sold — the  oak  for 
railroad  ties  and  the  hickory  for  wagon  timber. 

West  and  southwest  of  these  knobs  iie  Ashland  and  Ray  townships,  the 
uplands  of  which  consist  of  an  elevated  plain  of  clay  lands,  interspersed 
with  an  occasional  spot  of  very  rich  loamy  soil.  In  places  it  is  broken 
by  numerous  fnnnel-shaped  depressions,  familiarly  known  as  sink-holes. 


Digitized  by 


Google 


74  GEOLOGY   OF  MORGAN   COUNTY. 

Some  of  these  are  thirty  feet  deep  and  embrace  half  an  acre  of  sur&ce. 
The  hills  bordering  the  streams  are  in  many  places  abrupt  blufis  of  lime- 
stone. The  timber  here  very  nearly  answers  to  that  on  the  northern  tier 
of  townships,  with  the  absence  of  the  burr  oak.  Some  of  this  land  will 
be  improved  by  underdraining,  when  it  will  produce  well. 

The  uplands  in  the  townships  of  Harrison,  Greene,  Jackson,  Washing- 
ton and  Baker,  lying  on  the  southeast  side  of  White  River,  are  more  uni- 
form in  their  character  than  those  on  the  opposite  side  of  the  river.  In 
the  vicinity  of  White  River,  the  sur&ce  in  many  places  is  quite  hilly  and 
the  general  elevation  of  the  country  is  about  two  hundred  feet  above  the 
level  of  the  river.  But  these  hills  are  seldom  so  steep  as  to  materially 
interfere  with  cultivation.    The  soil  on  them  is  generally  a  sandy  loam. 

After  passing  back  from  the  river  hills  two  or  three  miles,  the  sur&ce 
becomes  gently  undulating,  and  in  many  places  quite  level,  while  the  soil 
changes  from  a  sandy  loam  to  a  compact  clay  loam,  resting  on  a  rather 
hard  clay  subsoil.  These  lands  will  require  tile  drainage  to  develop  their 
full  producing  capacity.  Under  proper  treatment  there  are  but  few  soils 
that  will  be  more  productive  or  more  pleasant  to  cultivate  than  the  land 
on  the  eastern  border  of  Morgan  county. 

White  River,  in  its  course,  developes  a  very  wide  margin  of  bottom 
land,  about  two-thirds  of  which  lies  above  the  reach  of  freshets,  and  that 
which  is  subject  to  overflow  is  seldom  visited  by  this  catastrophe  except  in 
the  spring  months,  and  the  crop  on  these  lands  being  generally  Indian 
corn,  can  be  planted  after  the  freshet  has  subsided,  and  a  heavy  yield 
secured,  for  these  lands  are  inexhaustively  productive.  While  the  bot- 
tom lands  are  distributed  pretty  uniformly  along  the  river  ( for  the  hills 
are  seldom  less  than  a  mile  apart),  yet  the  large  districts  of  bottom  lands 
may  be  considered  in  three  groups,  to-wit : 

The  Centerton,  or  White  Lick,  bottom,  is  about  five  miles  long,  and  in 
several  places,  more  than  two  miles  wide.  Lamb's  bottom  extends  from 
the  rapids  of  White  River,  nearly  opposite  to  Martinsville,  to  a  point 
some  distance  below  Paragon,  giving  an  area  of  about  twenty-five  square 
miles,  most  of  \^hich  is  above  high  water.  Indian  Creek  bottom,  on  the 
southeast  side  of  the  river,  extends  from  Martinsville  to  the  west  line  of 
Washington  township,  a  distance  of  about  six  miles,  with  a  width  of  from 
one  to  three  miles.  In  this  bottom,  in  section  17,  range  1  east,  township 
11  north,  there  occurs  the  curious  phenomenon  of  a  **lost  hill,"  as  it  is 
familiarly  called.  This  consists  of  a  hill  about  one  hundred  feet  high, 
nearly  a  mile  long  and  a  quarter  of  a  mile  wide,  detached  fi^m  the  main 
upland  by  a  strip  of  bottom  land  half  a  mile  wide,  more  or  less.  The  hill 
consists  chiefly  of  a  mass  of  heavily  stratified  sandstone.  Indian  creek 
bottom  is  much  of  it  subject  to  overflow — more,  however,  from  the  fresh- 
ets of  Indian  Creek  than  fit)m  the  floods  of  White  River.  Like  all  other 
alluvial  lands,  these  bottoms  are  generally  built  on  a  substratum  of  gravely 
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which  gives  perfect  underdrainage  to  these  hroad,  level  plains,  that  ren- 
ders them  exceeding  productive.  I  observed  a  spot  in  the  Centerton 
bottom,  and  one  or  more  in  LamVs  bottom,  that  were  exceptions  to  this 
rule.  These  are  composed  of  a  sedimentary  deposit  of  a  very  fine,  light- 
colored  clay.  The  bricks  used  in  the  construction  of  the  new  State  Capi- 
tol are  made  from  this  Centerton  deposit  and  it  proves  to  be  an  excellent 
material  for  the  purpose.  The  manner  in  which  these  large  districts  of 
bottom  land  were  formed,  and  the  nature  of  the  forces  operating  in  their 
formation,  will  be  considered  in  their  proper  place ;  at  present  we  speak 
^f  them  only  in  their  economical  relation,  as  furnishing  an  area  of  more 
than  fiHy  square  miles,  in  this  county,  of  land  which  has  no  superior  in 
points  of  productiveness,  durability  and  adaptation  to  a  variety  of  crops. 

GEOLOGY. 

The  underlying  rock  of  nearly  the  whole  of  Morgan  county  is  the  knob 
sandstone,  which  is  now  generally  regarded  as  the  lowest  member  of  the 
Carboniferous  formation.  Measuring  its  outcrop  from  its  junction  with  the 
Devonian  shale  on  Bluff  Creek,  in  Johnson  county,  along  the  line  of 
strike  to  the  point  of  its  disappearance  under  the  Keokuk  limestone,  near 
the  comer  of  Owen  county,  and  allowing  it  a  dip  of  twenty  feet  to  the 
mile,  we  may  assume  the  thickness  of  the  knob  sandstone  at  this  point  to 
be  about  five  hundred  feet.  This  corresponds  very  nearly  to  the  register 
of  the  boring  at  Reelsville,  in  Putnam  county,  where  a  thickness  of  four 
hundred  and  eighty-eight  feet  was  reported.  The  base  of  this  formation 
consists  of  a  clay  shale,  thinly  laminated  but  not  distinctly  stratified. 
This  shale,  when  moist,  has  a  pale  blue  color,  but  when  dry  it  is  ash  col- 
ored. When  exposed  to  the  weather,  it  crumbles  into  a  mass  of  sandy 
clay,  with  scarcely  enough  iron  in  its  composition  to  tinge  it  red  when 
burned.  This  shale  has  occasional  bands  of  a  hard,  blue  rock,  from  three 
to  ten  inches  thick,  interposed  at  irregular  distances.  These  rocks  are 
siliceous,  though  they  have  not  the  mechanical  structure  of  sandstones. 
They  are  generally  smooth  and  parallel  on  their  faces,  but,  lacking  elas- 
ticity, they  endure  change  of  temperature  badly.  Their  hardness  and 
firm  appearance  have  often  misled  builders  to  use  them  in  preference  to 
the  softer  but  more  durable  sandstones.  The  entire  absence  of  fossil  re- 
mains is  a  rather  remarkable  feature  of  this  shale,  for  though  it  had, 
probably,  neither  lime  nor  silica  in  a  proper  state  to  produce  petrifactions, 
yet  it  appears  to  have  been  an  excellent  material  to  receive  impressions 
and  retain  them  in  the  form  of  moulds  or  casts ;  but  a  diligent  search  re- 
vealed no  such  marks  of  organic  remains.  A  few  crinoid  stems  and  an  in- 
distinct impress  of  a  coral,  found  near  Wauerly,  was  the  only  evidence  of 
life  which  I  observed  in  this  extensive  deposit  of  shale.  This  is  the  more 
remarkable  as  it  is  in  a  shale  corresponding  to  this,  and  nearly  on  the  same 
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horizon,  that  the  noted  crinoid  beds  of  Crawfordsville  are  found.  At  a 
point,  however,  five  miles  below  this,  on  the  southeast  side  of  the  river, 
near  the  mouth  of  Clear  Creek,  a  bed  of  argillaceous  sandstone  occurs, 
which  abounds  in  fossils,  though  the  species  are  not  numerous.  We  ob- 
tained Taonurus  CoUettiy  Zaphrentis  Dalei,  SpirifieT  Carteriy  Productus 
soni-^eticulatuSy  Produdm  costatits,  and  fragments  of  several  unidentified 
species  were  also  observed. 

The  upper  members  of  this  formation  present  a  distinctly  stratified 
sandstone,  generally  of  a  gray,  or  light  drab  color,  sometimes  showing  a 
distinct  shade  of  buff.  The  lower  members  of  this  series  are  often  so 
largely  mixed  with  clay  as  to  destroy  their  value  as  a  building  ma- 
terial. This  clay  gives  a  m<5re  or  less  distinct  blue  shade  to  the  stone ;  and 
though  it  is  generally  harder  than  the  purer  sandstone,  yet,  on  ex- 
posure to  the  weather  it  disintegrates  rapidly.  In  selecting  building 
stone  from  this  formation  it  xvUl  he  safe  to  reject  aU  that  have  the  blue  or  lead 
colored  slvade.  Higher  in  the  series,  and  generally  crowning  the  highest 
elevations,  we  find  a  fine-grained  sandstone,  in  strata  ranging  from  one 
foot  to  1^\c  feet  thick.  This  stone  is  quite  soft  in  the  quarry,  and  this 
feature  of  its  character  has  deterred  architects  from  adopting  it  as  a  build- 
ing stone.  But  when  it  loses  its  quarry  moisture,  and  is  once  thoroughly 
seasoned,  it  becomes  very  firm  and  hard,  and  absorbs  but  little  water 
when  exposed. 

The  chief  defect  I  observed  in  this  rock,  as  a  building  material,  is  the 
occasional  occurrence  of  small  specks  of  oxide  of  iron  that  may  produce 
unsightly  stains ;  but  these  are  small,  and,  in  the  thicker  strata,  of  rare 
occurrence.  Care  must  be  observed  in  quarrying  this  rock.  Like  most 
sandstones,  the  grains  cohere  with  but  little  foi'ce  in  the  quarry  condition, 
and  even  a  very  moderate  blast  will  shatter  the  firmest  rock  in  these 
quarries  for  a  distance  of  fifteen  feet  or  more,  so  as  to  render  it  practi- 
csMy  worthless.  Blocks  may  be  taken  out  very  rapidly  and  neatly  with 
a  channeling  machine,  or  with  steel  wedges,  even  without  driUing. 

The  outcrop  of  this  rock  occupies  the  summit  of  the  hills  on  the  south- 
east river  front,  from  the  mouth  of  Bluff  Creek  to  Martinsville  with  but 
liv<  f  or  three  interruptions,  the  widest  of  which  is  at  the  mouth  of  Stotf 8 
Creek.  But  few  quarries,  however,  have  been  opened,  and  these  have 
not  l>cen  worked  to  any  considerable  extent,  and  generaUy  with  but  little 
skill  ur  science. 

Mr.  S*  J.  Mandeville  has  opened  a  quarry  at  Peach  Orchard  Hill  in  sec- 
tion 6,  muge  2  east,  township  11  north,  and  is  taking  out  a  good  quality 
of  ^Ume,  and  exhibiting  both  science  and  skill  in  the  operation.  The 
strata  in  this  quarry  now  exposed  range  from  two  feet  to  five  and  a  half 
feet  thick,  and  the  stone  is  very  uniform  in  its  texture.  It  shows  but  few 
irun  specks  and  no  petroleum  stains  that  disfigure  many  of  the  Ohio  and 
Pennsylvania  sandstones. 
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This  is  the  only  point  in  the  county  where  the  working  a^  the  quarry 
gave  me  a  fair  opportunity  to  judge  the  quality  of  this  stone  as  a  build- 
ing material,  and,  after  examining  it,  both  in  the  quarry  and  in  its  dressed 
and  seasoned  condition,  I  have  no  hesitancy  in  saying  that  it  will  fairly 
compete  with  the  best  Ohio  sandstone,  both  in  point  of  beauty  and  dura- 
bility. Mr.  Mandeville's  quarry  is  eight  hundred  and  sixty-two  feet 
above  tide  water  and  two  hundred  and  sixty-five  above  Martinsville. 

It  is  not  improbable  that  stone  of  a  quality  equally  as  good  as  this  at 
the  Peach  Orchard  quarry  may  be  found  at  other  points  in  the  county, 
and  more  convenient  to  railroad  transportation  than  this  is ;  but  the  quar- 
ries are  not  opened,  or  have  been  so  imperfectly  worked  that  it  is  difficult 
to  form  such  a  judgment  of  the  stone  as  if  it  were  exhibited  under  more 
favorable  circumstances. 

One  mile  east  of  Mooresville  a  quarry. has  been  worked  by  an  Indian- 
apolis company  for  the  last  five  years,  and  a  large  amount  of  stone,  of  a 
tair  quality,  has  been  taken  out.  This  quarry  is  too  low  in  the  formation 
to  yield  the  best  quality  of  stone.  The  strata  do  not  exceed  eighteen 
inches  thick,  and  in  some  of  the  strata  tliere  is  too  much  clay  in  the  com- 
position to  be  entirely  reliable  in  exposed  situations.  This  quarry  is  the 
nearest  workable  outcrop  of  rock  to  Indianapolis ;  and  with  a  railroad 
switch  to  the  quarry,  and  proper  care  in  selecting  the  rock,  this  quarry 
may  be  very  profitably  worked.  A  mile  west  of  Waverly  an  outcrop  of 
sandstone  appears  in  several  places,  which  gives  promise  of  valuable 
quarries,  but  they  have  not  been  worked  sufficiently  to  determine  fully 
the  character  of  the  rock.  The  strata,  where  exposed,  are  from  twelve 
to  twenty  inches  thick,  and  generally  of  a  drab  or  light  buff  color,  and  of 
a  very  fine  grain. 

From  the  exposure  of  this  rock  at  **The  Bluffs"  (now  Waverly),  the 
material  was  obtained  for  the  foundation  of  the  former  court  house,  the 
abutments  of  the  National  road  bridge  over  White  River  at  Indianapolis, 
and  the  basement  of  the  old  state  house.  In  the  last,  the  blue  stone  was 
unfortunately  selected,  and  its  speedy  decay  brought  the  stone  into  bad 
repute.  The  bridge  abutments  and  the  court  house  foundations  proved 
reasonably  durable. 

Nearly  all  the  higher  knobs  of  Clay,  Gregg  and  Jefferson  townships 
are  capped  with  sandstone,  though  it  does  not  always  appear  on  the  sur- 
face, and  in  many  places,  no  doubt,  quarries  may  be  opened  and  worked 
with  profit.  This  remark,  however,  can  apply  only  to  localities  favored 
with  railroad  transportation. 

The  summit  of  the  high  hill  (known  by  the  local  name  of  Mount  ^tna) 
about  a  mile  southwest  from  Brookljrn  is  worth  a  careful  examination.  It 
is  proper  to  say,  in  this  connection,  that  the  exposed  rocks  on  the  north- 
west side  of  the  river,  lying  nearer  the  summit  of  the  formation,  are  more 
highly  charged  with  iron  oxide  than  those  nearer  its  middle. 
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SUB^CARB'JNIFEROUS  LIMESTONE. 

At  the  mouth  of  Rhoade's  Creek,  near  the  northwest  comer  of  Ashland 
townsliip,  the  Keokuk  member  of  the  sub-carbonifefous  limestone  makes 
its  appearance  on  the  eastern  bank  of  the  Mill  Fork  of  Eel  River.  At 
thia  point  it  is  thinly  at  ratified  and  rather  argillaceous  in  its  composition, 
but  near  Aia^ka,  three  or  four  miles  southeast,  it  is  well  developed  and 
presents  \is  f:htin%f:teris'tic  fossils.  These  are  quite  numerous  in  the  indi- 
viduals, but  embrace  only  a  few  species.    .(See  Appendix.) 

Three  miles  south  of  this,  at  Porter's  Cave,  immediately  on  the  Owen 
county  line,  the  St.  LrtHiiij  member  crowns  the  hill  above  the  cave,  while 
the  gorge  below  is  excavated  in  the  Keokuk.  Immediately  at  the  junction 
of  these  raemliers  of  the  sub-carboniferous  limestone,  there  occurs  a  single 
stratum  of  dolomite,  fi%e  feet  thick.  It  is  quite  soft,  and  has  the  peculiar 
unctuoua  feel,  characteristic  of  magnesian  rocks. 

porter's  cave 

Is  formed  by  a  consideiable  stream  of  water,  which  has  cut  away  the  soft 
magneaiau  rock,  and  has  worn  its  way  some  two  feet  into  the  Keokuk 
strata  which  hrtni^  the  floor. 

The  opening  of  the  eave  looks  to  the  southeast,  and  is  twenty-five  feet 
wide,  with  an  average  height  of  seven  feet.  The  roof,  for  the  first  one 
hundred  feet,  is  smooth,  and  appears  to  be  composed  of  a  single  slab  of 
Ht,  Limits  limestouo.  In  this  distance,  the  cave  narrows  to  an  average 
widtli  of  sixteen  teet,  with  an  elevation  of  five  feet  six  inches.  From  this 
jM)iut  the  roof  breaks  and  is  irregular,  reaching  in  some  places  an  elevation 
t)f  frfjm  tweuty-five  to  thirty  feet.  At  the  same  point  the  walls  abruptly 
recede,  and  display  a  iMom  thirty  feet  wide,  with  irregular  walls,  incrusted 
with  adlieriiig  i^tahu-tittia.  For  the  next  reach  of  one  hundred  yards,  the 
viidth  gniduuUy  narrows  to  ten  feet  and  the  roof  becomes  a  gothic  arch 
by  tlie  jutting  fi^rward  of  the  strata,  which  are  now,  in  most  places,  cov- 
ered liy  the  stahictitc  flirmation.  The  floor  is  tolerably  smooth,  and  quite 
free  from  loose  i^toues^.  A  brisk  current  of  water,  from  four  to  ten  feet 
wide  and  two  or  three  inches  deep,  runs  on  the  floor,  varying  its  position 
fi^m  side  to  side,  making  the  frequent  crossing  of  it  a  necessity.  I  ex- 
tended my  obj^ervation  for  about  four  hundred  yards,  when  the  water 
(covering  the  bottom  from  side  to  side)  became  so  deep  as  to  demand 
waterproof  boots,  wliich  I  had  not  ^vith  me.  As  far  as  I  explored,  the 
nmf  CA>nlinued  eo  high  as  to  permit  of  walking  upright,  though  I  am  in- 
formed that,  further  on,  it  is,  in  some  places,  so  low  as  to  require  the  ex- 
plorer to  stoop.  Tlie  cave  has  ^n  opening  on  the  opposite  side  of  an  ele- 
vated ridge,  three-quarters  of  a  mile  from  the  outlet  I  examined.  At  the 
fii^t  rootn,  one  hundred  feet  from  the  entrance,  there  is  exposed  several 
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strata  of  limestx^ne,  ranging  from  one  to  four  feet  thick,  which  show  a  de- 
odedly. oolitic  structure.  The  stone  is  much  harder  than  the  Bedford  or 
Elettsville  stone,  but  this  may  be  owing  to  its  having  been  long  exposed. 
Immediately  below  the  cave,  the  water  coming  from  it  forms  a  cascade 
by  Making  a  leap  of  thirty  feet  from  the  floor  of  the  cave  into  a  wild  and 
romantic  glen. 

Porter's  Cave  is  directly  on  the  line  between  Morgan  and  Owen  counties, 
five  miles  northwest  from  Paragon. 

The  region  of  country  along  Butler's  Creek,  below  the  cave,  including 
the  ridge  between  that  stream  and  Fall  Creek,  on  the  east,  gives  a  re- 
markable instance  of  the  influence  of  the  geology  of  a  country  on  its  to- 
pography and  soil.  Pa^ising  westward  over  the  knobs  of  Sycamore  Creek, 
Lamb's  Creek,  Burnett's  Creek,  and  Fall  Creek,  we  observe  the  sterile 
soil,  with  its  stinted  growth  of  white  oak  and  black  hickory,  but,  suddenly, 
on  reaching  a  hill  capped  with  St.  Louis  limestone,  immediately  we  enter  a 
forest  of  sugar  maple,  black  walnut,  yellow  poplar,  blue  ash,  wild  cherry, 
etc.     But  these  rich  hills  are  badly  broken  by  sink-holes. 

GLACIAL  PHENOMENA. 

The  drift  deposits  of  Morgan  county,  like  its  topography,  is  varied  and 
very  irregular.  On  the  southeast  side  of  the  river,  the  surface  deposit  is 
more  uniform  than  on  the  opposite  side.  In  a  few  instances,  we  find  the 
usual  deposit  of  clay,  gravel,  and  bowlders  replaced  by  a  heavy  deposit  of 
sand,  evidently  derived  from  the  denudation  and  destruction  of  the  knob 
sandstone  of  the  immediate  vicinity.  This  is  not  distributed  uniformly 
over  the  surface,  making  a  level  plain,  as  is  common  with  drift  deposits, 
but  it  givesa  surface  broken  into  rounded  hills,  from  fifty  to  one  hundred 
feet  high,  suggesting  their  deposit,  by  eddies,  on  the  margin  of  great  cur- 
rents of  water.  A  good  opportunity  to  study  these  sand  hills  occurs  a 
little  way  east  of  Martinsville,  along  the  northern  margin  of  the  Indian 
Creek  bottom.  At  a  large  spring,  about  three-fourths  of  a  mile  northeast 
of  Martinsville,  I  observed  the  base  of  the  sand  deposit  resting  on  the 
blue  clay  which  generally  constitutes  the  lowest  member  of  the  foreign 
drift.  Beyond  this,  aa  we  recede  from  the  river  hills,  the  drift  resumes 
its  usual  appearance  of  clay  plains,  with  occasional  bowlders  of  granite  or 
gneiss  distributed  over  the  surface ;  though  these  are  neither  so  fi^uent 
in  occurrence,  nor  so  large,  as  they  are  further  north. 

On  the  northwestern  side  of  White  River,  in  the  northern  tier  of  town- 
ships, the  drift  is  deep  and  continuous,  with  its  base  of  blue  clay,  and  its 
upper  member  of  yellow  clay,  with  water-worn  pebbles  interspersed  and 
an  occasional  bowlder  of  granite  on  the  surfitce.  Some  of  these  are  very 
large.  On  section  4,  range  2,  township  12,  I  measured  a  bowlder  of  flesh 
colored  granite,  with  these  dimensions:   length,  15  feet  4  inches;  greatest 
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breadth,  XZ  feat;  height  ahove  ground,  11  feet  9  inches.  It  is  an  irregu- 
lar oblong,  with  the  isomers  well  rounded  off.  It  shows  no  indications  of 
decftj.  South  of  au  irregular  line  from  Brooklyn  to  Eminence,  the 
biiwld^r^  almost  pntirely  difta|ipear,  and,  with  them,  the  upper  drift  also, 
leaving  an  irregular  deiwsit  of  blue  clay,  constantly  broken  by  the  deep 
ruviue.^  which  lay  bur^  the  uiidorlying  strata  and  cut  the  country  into 
kiiab§. 

The  glacial  ptTKxl  hag  loft  it.s  fliotprintson  the  surface  of  Morgan  county 
in  a  inanuer  timt  time  will  hardly  efface.  Beginning  at  the  Mill  Fork  of 
Eel  River,  a  little  north  of  Eminence,  there  is  a  valley  about  five  miles 
wide,  extending  in  a  northeasterly  direction ;  crossing  the  valley  of  White* 
Lick  Creek  a  short  distance  nnrth  of  Mooresville,  it  passes  into  Marion 
county  between  West  Newton  and  Friendswood,  and,  thence  to  the  val- 
ley of  White  River.  Froti;  itj?  western  origin,  to  a  point  in  section  1, 
ran^^e  1,  township  1-3,  near  Monrovia,  the  valley  gradually  narrows  to 
a  width  of  aiK)«t  one  mile.  Originally,  this  section  of  the  valley  was  a 
continuiHis  lagwm,  or  ^wamp,  locolly  known  as  **The  Lake";  but  now  it  is 
< I  rained  westward  ly  into  Eel  1  liver,  by  a  public  ditch,  which  has  become 
quite  a  large  creek.  On  the  nv>rthem  side,  the  depression  of  this  valley 
seldom  exceeds  forty  feet  lielow  the  general  level  of  the  country,  and  the 
descent  h  commonly  quite  gradual.  On  the  opposite  side,  the  country 
rises  from  fifty  to  one  hundred  feet,  and  sometimes  pretty  abruptly.  From 
the  watrr-.*hed  near  Monrovia^  the  drainage  is  eastward,  by  McCracken'a 
Creek,  to  ^X'^hita  Lick,  In  thib;  *iection,  the  descent  gives  a  rapid  current 
U)  the  water,  though  the  vrilley  maintains  a  width  of  a  mile  or  more,  with 
well  dctiued  margins,  the  soutli  side  still  maintaining  the  greater  elevation. 
East  of  White  Lick,  the  outline  of  the  valley  is  less  distinctly  marked, 
yet,  on  close  oliservation,  its  e^iurse  is  plainly  visible.  The  topography 
weet  <jf  White  Lick  iTiilicate-s  that  this  valley  was  the  southern  margin  of 
the  iee*field  for  a  Kjug  time,  aud  received  the  drainage  floods  from  the 
disappearmg  gla<ner.  yf>uth  r^f  this,  I  observed  no  gravel  beds,  or  other 
evidence-  of  mpid  currents  that  mark  a  dissolving  glacier. 

The  valley  of  Indian  Creek  gives  evidence  of  having  been  the  bed  of  a 
glacial  river,  l>earing  the  same  relation  to  the  knobs  in  Washington  town- 
ship and  Brown  eonnty  that  the  one  above  described  does  to  the  knobs  of 
Gregg  and  Vhiy  townships.  Several  smaller  valleys  of  erosion,  that 
properly  may  Ije  referred  to  tids  period,  were  observed,  but  they  are  not 
of  suftieient  importance  to  require  special  notice. 

The  broad  valley  of  White  River,  in  this  county,  however,  is  a  geolog- 
icsal  phenoniemvn  tlmt  demuufU  careful  study.  It  is  evidently  a  valley  of 
ertjsion,  fi>r  the  strata  in  the  hills  bordering  the  valley  on  either  side  have 
their  natunil  dip  undisturbed,  and  the  several  members  correspond  cor- 
rectly on  opjKisite  sides  of  tlie  valley.  This  lies  from  250  to  300  feet 
below  the  general  level  of  the  drift  plain  forming  the  adjacent  uplands ; 
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tnd  of  this  depth,  at  least  200  feet  is  cut  through  the  rock  strata  of  the 
Knob  sandstone.  The  area  denuded  to  this  depth  in  the  county  is  not  less 
thtn  150  square  miles.  This  amount  of  erosion  since  the  Carboniferous 
period,  by  a  stream  no  larger  than  White  River,  would  be  almost  incred- 
ible ;  but  there  is  conclusive  evidence  that,  at  the  close  of  the  Drift  epoch, 
a  vohme  of  water  passed  down  the  valley  of  White  River  vastly  larger 
than  that  which  now  flows  there,  or  than  that  which  filled  its  channel 
when  Congress  declared  it  navigable. 

But  there  is  another  circumstance  which  must  be  taken  into  the  account 
when  estimating  this  erosion.  From  fifty  to  one  hundred  feet  of  the  lower 
portion  of  this  rock  is  a  soft  clay  shale,  easily  cut  away,  and,  being  very 
fine  material,  would  be  transported  by  even  a  very  gentle  current.  A 
torrent  of  water  would  rapidly  undermine  the  overlying  sandstone,  and, 
fidling  into  the  surging  current  in  its  soft  state,  it  would  be  readi]y  ground 
to  sand  and  carried  away.  The  sand  hills  in' the  vicinity  of  Martinsville 
give  evidence  of  the  burden  of  sand  which  that  flood  carried. 

METALS  AND  ORES. 

The  base  of  the  Carboniferous  formation  is  frequently  rich  in  iron  ores, 
but  in  Morgan  county  it  is  peculiarly  barren  in  this  respect.  A  few 
nodules  of  iron  ore  were  observed  in  two  or  three  localities,  associated  with 
the  clay  shale  so  common  here,  but  in  no  place  is  it  found  in  such  quantities 
as  would  promise  valuaUe  deposits  of  ore.  Detached  fragment;?  of  both 
lead  and  zinc  ores  (sulphide)  have  been  picked  up  in  several  places  in  the 
knob  districts;  and,  at  least,  in  two  localities,  I  observed  specimens  of 
galena,  in  quartz  nodules  imbedded  in  sandstone,  but  in  no  place  could  I 
find -a  well  defined  vein,  or  lead,  of  sufficient  promise  to  encourage  further 
search  for  these  metals. 

In  the  year  1850,  some  returned  California  gold  miners  observed  the 
characteristic  black  sand  in  the  ravines,  among  the  knobs  of  Brown  and 
Morgan  counties,  Aid  immediately  commenced  **  prospecting.'*  They 
found  gold  in  most  of  the  ravines  of  Bean  Blossom  Creek,  in  Brown 
county,  and  in  the  tributaries  of  Sycamore  Creek  and  Lamb's  Creek,  in 
Morgan  county.  Some  of  the  more  skillful  miners  were  able  to  wash  out 
two  or  three  dollars*  worth  of  gold  per  day  for  several  weeks.  But  the 
excitement  of  an  actual  ^*  placer  mine"  in  Indiana  brought  together  so 
many  fortune  hunters,  that  every  ravine  was  directly  occupied  and  the 
sands  were  soon  washed  out,  and  the  "gold  fever^  subsided.  Within  the 
last  few  years  the  excitement  has  been  revived,  and  gold-washing,  to  a 
limited  extent,  has  been  resumed,  paying  from  fifty  cents  to  a  dollar  per 
day.  The  gold  is  in  very  thin  scales  or  in  almost  invisible  grains,  and  is 
remarkably  free  from  alloy  of  any  kind. 

The  origin  of  this  gold  is  a  gjeological  problem  of  some  importEuice,  as 
6— Geol. 
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the  underlying  rock  is  of  comparatively  recent  date  and  shows  no  indica- 
tions of  trap  dykes,  quartz  veins,  or  other  geological  disturbances.  The 
only  mtional  solution  of  the  problem  appears  to  be  that  which  refers  the 
gold  Ui  the  blue  clay,  which  is  the  lowest  member  of  the  drift.  Wliere 
the  elay  forms  the  summits  or  sides  of  the  hills,  it  is  washed  into  gulches 
by  the  rains.  The  lighter  and  finer  particles  are  borne  onward  with  the 
current^  while  the  heavy  black  sand  and  gold  lodge  among  the  rocks  in 
the  huttora.  But  as  the  lower  blue  clay  is  the  ascertained  matrix  of  the 
gold,  still  the  question,  How  came  gold  to  be  mixed  with  this  particular 
cky,  in  this  special  locality?  remains  to  be  answered.  Two  methods  of 
solving  this  problem  have  been  proposed.  The  first  assumes  that  the  gold- 
hpariug  clay  of  Brown,  Morgan  and  Montgomery  counties,  in  Indiana, 
(■i^rtuiij  localities  near  the  Vermillion  salines,  in  Illinois,  and  a  few  local 
sjKJt.^  on  the  Des  Moines,  in  Iowa,  indicate  a  line  of  early  drift,  from  re- 
gions of  gold-bearing  quartz,  which,  being  crushed  and  broken  down  in 
}ts  passage,  liberated  the  gold  in  the  form  we  now  find  it.  The  other  hy- 
pothesis assumes  that  the  lower  blue  clay  contains  minute  quantities  of 
g(Ad  everywhere,  and  that  it  accumulates,  in  appreciable  quantities,  only 
in  the  mnds  of  ravines  where  the  country  is  hilly  and  extensive  surfaces 
are  wti^^hed  into  streams  that  are  sufficiently  rapid  to  carry  away  the 
lifxhter  material  and  leave  only  the  gold  and  heavy  sand  to  accumulate,  it 
may  lie  for  centuries,  till  we  can  detect  the  presence  of  the  precious 
inctaL  But  either  of  these  solutions  will  involve  that  more  difficult  ques- 
tion, From  whence  came  the  material  that  now  covers  thousands  of 
s^juarf  miles  with  a  talcose  clay  to  a  depth  varying  from  ten  to  five  hun- 
dred tlet?  The  discussion  of  this  question  would  be  out  of  place  here; 
uud  here  for  the  present  I  leave  it,  adding,  however,  the  practical  caution, 
lljiit  fortunes  will  never  be  made  by  gold-mining  in  Morgan  county. 

OTHER  MINERALS. 

Tiiere  is  a  pretty  well  authenticated  tradition  that  the  Indians  made  salt 
f'roih  water  of  a  spring,  or  shallow  well,  on  the  border  of  the  lake  valley, 
uU  Kii  two  miles  north  of  the  village  of  Eminence.  I  examined  the  local- 
ijv  with  some  care,  and  though  I  found  a  large  bog  spring  of  common 
iiialybeate  water  near  the  location  of  the  traditional  saline,  yet  I  found  no 
traces  of  any  excavation,  nor  of  even  brackish  water.  The  occurrence  of 
brine,  in  this  locality,  however,  is  not  an  improbability.  In  boring 
thtnui^Hi  the  Knob  sandstone  at  Reelsville  and  at  Terre  Haute,'brine  of 
fair  i*l  rength  was  found ;  and  as  the  whole  depth  of  that  formation  lies 
Itulow  this  locality,  any  deep  fissure  in  the  rock  would  be  likely  to  ^eveal 
brine.  But  salt  is  now  so  cheap,  that  its  manufia,cture  could  hardly  be 
made  profitable  here. 

On  the  southern  border  of  the  town  of  Monrovia,  is  a  deposit  of  mag- 
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nesian  clay  of  a  very  fine  quality.  It  is  quite  free  from  iron,  and  when 
lurned  has  a  light  cream  color,  similar  to  Milwaukee  brick.  It  is  at 
piesent  used  in  the  manu&cture  of  drain  tile. 

Two  diamonds  have  been  found  in  the  drift  of  the  Indian  Creek  val- 
ley. One  is  now  in  possession  of  Mr.  Harry  Craft,  a  well-known  jeweler 
of  Indianapolis.  It  is  cut  and  set.  It  had  a  weight  of  three  carets  in  its 
rough  state.  It  was  found  near  Morgantown.  The  other  is  somewhat 
larger,  and  is  uncut.  It  is  in  the  possession  of  Mr.  Maxwell,  who  resides 
three  miles  south  of  Martinsville.  It  was  found  on  his  farm.  Both  of 
these  stones  appear  to  have  had  an  original  connection  with  the  drift  of 
Indian  Creek  valley. 

AKCH.EOLOGY. 

The  Mound  Builders  have  left  no  remarkable  monuments  of  their  occu- 
pancy of  the  territory  now  included  in  Morgan  county,  yet  it  is  quite  cer- 
tain that  the  large  districts  of  bottom  land  did  not  fail  to  attract  the  at- 
tention of  these  primitive  cultivators  of  the  soil.  That  a  dense  settlement 
— probably  a  large  town — of  this  race  once  existed  near  the  mouth  of 
White  Lick,,  is  an  inference  from  the  numerous  small  burial  mounds  in 
and  near  the  town  of  Centerton,  and  from  the  stone  implements,  such  as 
axes,  chisels,  knives,  arrows  and  spear-heads,  etc.,  that  are  frequently 
found  in  this  vicinity.  But  few  specimens  of  pottery  have  been  detected 
in  this  county.  A  large  vase,  however,  was  recently  found  in  a  gravel 
pit  near  Waverly,  by  a  company  of  workmen  who  were  constructing  a 
road.  It  was  associated  with  a  male  skeleton,  buried  in  the  sitting  pos- 
ture. It  was  finely  proportioned,  richly  ornamented,  and  had  a  capacity 
of  two  or  three  gallons.  Unfortunately  the  workmen  broke  it  into  frag- 
ments so  small  that  it  was  impossible  to  reconstruct  it.  I  saw  a  collection 
of  these  fragments,  which  indicated  that  the  original  had  been  a  fine  work 
of  art.  This  discovery  proves  that  the  Mound  Builders  did  not  always 
bury,  even  their  distinguished  dead,  in  mouinds. 

About  a  mile  northeast  from  the  town  of  Paragon,  on  the  point  of  a 
high  hill  which  projects  into  the  bottom  land,  is  a  lookout  mound,  com- 
manding a  wide  view  to  the  southwest.  A  beacon  fir^  on  this  mouhd 
could  be  distinctly  seen  on  the  range  of  hills  west  of  Gosport,  ten  or 
twelve  miles  distant.  On  a  similar  hill,  two  miles  due  north  from  Para- 
gon is  another  lookout  mound,  commanding  an  extensive  prospect  to  the 
southeast.  Near  Brooklyn,  on  the  east  side  of  the  Indianapolis  &  Vin- 
cennes  Railroad,  is  a  large  mound,  constructed  on  the  south  end  of  a 
gravel  ridge  one  hundred  yards  long.  The  mound  has  a  base  of  about 
one  hundred  feet  in  diameter,  and  rises  twenty  feet  above  the  ridge  on 
which  it  stands.  It  is  constructed  entirely  of  gravel,  which  suggests  a 
doubt  of  its  artificial  character.  But  its  regularity,  and  the  depression 
in  the  ridge,  indicating  the  place  from  whence  the  material  was  taken 
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trhat  '^m  used  m  ita  oonstniction,  confirms  the  opinion  that  it  is  the  work 
of  human  hiinds,  thtmgh  it  may  be  more  recent  than  the  age  of  the  prim- 
itive M(niiid  Builders.  Passing  over  a  newly-plowed  com  field,  about  a 
mile  wet^t  of  ihia,  I  picked  up  a  stone  axe  which  weighs  seven  pounds. 
It  L*  maiJe  of  n  tiue-t^rained  gray  stone — perhaps  a  fine  granite. 

Morgan  i«>unty  Wiis  a  fiavorite  hunting  ground  of  the  Delaware  Indians, 
ft  priijti}*al  town  of  which  tribe  was  located  on  the  west  bank  of  White 
River  J  ii  fow  mlht^  ulK)ve  Waverly.  Grame  was  abundant  in  the  dense 
forej^U  that  covered  the  broad  river  bottoms,  and  the  hills  furnished  win- 
ter fm>rl  in  the  aci^nis,  beech  nuts  and  other  native  seeds.  Deer,  bears 
and  lurkeyt?  were  nlmudant,  and  White  River  was  well  supplied  with  an 
exL^ellent  quality  of  tish.  These,  together,  furnished  the  Indian  an  easy 
living,  whiolj  he  hi\  with  many  regrets. 

RAILROADS. 

The  Iiidianaptilis  &  Vincennes  Railroad  traverses  the  county  from  north- 
east to  Boythwe.st.  lU*  road  bed  and  bridges  are  permanently  constructed, 
atid  its  trains  arc  run  with  regularity,  safety  and  comfort. 

Tire  iMiirlmi^ville,  Franklin  <fc  Fairland  Railroad  is  an  auxiliary  to  the 
Cincinnati,  Indianapolis,  St.  Louis  <fe  Chicago  Railroad.  It  furnishes  a 
direct  Jine  it*  Ciucinuati,  and  makes  connection  at  Franklin  with  the  Lou- 
is villt'  lino,  ll  i^  rn  contemplation  to  extend  this  road  westward,  up  the 
valley  of  Lamb's*  Creek,  to  the  coal  fields  of  Owen  and  Clay  counties. 

The  line  of  a  coal  road  from  Indianapolis  to  the  Eel  River  coal  fields 
hji.?^  I)ecii  lotMite<l  tli  rough  the  great  glacial  valley  in  the  northern  part  of 
the  county,  but  adverse  circumstances  have  hitherto  interfered  to  pre- 
vent it^  tN>nstfuction.  However,  this  is  but  a  question  of  time,  for  In- 
dianapolis nuist»  l*efbre  long,  have  a  direct  supply  of  coal,  and  this  line 
will  remh  gutKl  coal  in  the  shortest  distance,  on  a  line  of  easy  construc- 
tion and  low  grades.  It  will,  moreover,  open  a  region  of  agricultural 
<"iif labilities  second  to  none  in  the  State,  and  forests  of  hard  wood,  which 
w\}l  Ik:  iuvahmbk  to  the  manufiictories  of  Indianapolis. 


Digitized  by 


Google 


REPORT  OF   STATE   GEOLOGIST.  85 


LIST  OF  FOSSILS  IN  MORGAN  COUNTY. 

I  collected  the  following  fossils  in  the  strata  of  Morgan  county : 

Taonurus  Cofletti Knob  sandstone. 

Zaphrentis  Dalei Knob  sandstone. 

Spiri/er  Carteri , Knob  sandstone. 

Prodttdus  semi-retundatiis Knob  sandstone. 

Productiis  co9tatu8 Knob  sandstone. 

Phurotomaria  (8p.?) Knob  sandstone. 

Spirifer  Keohuk Keokuk  limestone. 

Spirifer  Grimed Keokuk  limestone. 

Produetus  punctatm . Keokuk  limestone. 

Produdus  Cora Keokuk  limestone. 

Palasads  cuneatus St.  Louis  limestone. 

Rotalia  Baileyi St.  Louis  limestone. 

Aulopara  giga» St.  Louis  limestone. 

Zaphrentis  spimdifera St.  Louis  limestone. 

Cyathocrinus  (Sp,?) St.  Louis  limestone. 

FeneiUUa  Shumardi St,  Louis  limestone. 

Archimed&s  Wortheni i St.  Louis  limestone. 

Orthis  dvbia St.  Louis  limestone. 

Athyria  subquodrata St.  Louis  limestone. 

Athyru  hirsida St.  Louis  limestone. 

Terebratvla  formom St.  Louis  limestone. 

Euomphalus  Spergeneneis St.  Louis  limestone. 

Dentalium  vemistum St.  Louis  limestone. 


CONNECTED  SECTION. 

Alluvial  (bottoms) 10  to  20  ft. 

Second  bottom 16  to  30 

Lacustral — Loess 5  to  15 

Glacial  drift,  about 100 

St.  Louis  limestone 30 

Keokuk  limestone 50 

Knob  sandstone    .   .   •    . 500 

Devonian  shale 00 


Total 745  ft. 
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BY   MOSES   N.    ELROD,    M.    D. 


GENERAL  DESCRIPTION. 

Kush  county  has  an  area  of  twenty-three  miles,  north  and  south,  by 
eighteen  miles,  east  and  west ;  equal  to  four  hundred  and  fourteen  square 
miles;  and,  according  to  a  recent  report  of  the  Bureau  of  Statistics,  has> 
255,315  acres  of  land  returned  for  taxation.  The  aggregate  taxable 
property  is  given  as  $12,473,020,  which,  considering  that  it  has  no  large 
city  within  its  limits,  ranks  it  as  one  of  the  very  wealthiest  counties  in 
the  State.      Its  per  capita  wealth  of  $652. 18  is  second  to  but  one  county. 

It  is  bounded  on  the  west  by  Shelby  and  Hancock  counties,  on  the 
north  by  Hancock  and  Henry  counties,  on  the  east  by  Fayette  and  Frank- 
,  lin  counties,  and  on  the  south  by  Decatur  county. 

The  title  of  the  Delaware  Indians  to  the  territory  comprising  Rush 
county  was  ceded  to  the  United  States,  by  treaty  at  St.  Mary's,  October 
2  to  6,  1818.  The  United  States'  surveyors  completed  their  work  July 
23,  1819,  and  April  29,  1820,  and  the  land  was  offered  to  purchasers 
October  1,  1820,  at  the  Brookville  land  office.  Up  to  the  year  1822,  the 
land  embraced  in  Rush  county,  was  attached  to  Franklin  county  for  ju- 
dicial [jurpu.-iis.  This  year  the  county  was  organized  and  the  first  County 
Comniia^ioners'  Court  convened  on  the  first  Monday  in  March.  The 
county  was  named,  at  the  suggestion  of  Dr.  Wm.  B.  Laughlin,  Govern- 
ment surveyor,  in  honor  of  the  famous  Dr.  Benjamin  Rush,  of  Philadel- 
phia. June  17,  1822,  the  county  seat  was  located,  and,  by  July  29,  fol- 
lowing, the  town  was  surveyed  and  lots  offered  for  sale,  thus  showing  that 
push  and  energy  of  the  early  settlers  which  still  characterizes  their 
descendants. 

Rushville,  the  county  seat,  is  beautifully  situated  on  the  right  bank  of 
Big  Flat  Rock  River,  near  the  center  of  the  county,  thirty-six  miles  east, 
and  eleven  miles  south  of  the  Circle  Park  of  the  State  Capital,  and  is 
thirty-nine  and  three-tenths  miles  by  rail  from  Indianapolis.  It  is  a  hand- 
some city  of  4,000  inhabitants,  and  is  rapidly  growing  in  wealth  and  pop- 
ulation. The  south,  and  business  part,  of  the  city,  including  the  court 
house,  is  located  on  the  river  terrace,  above  high  water  mark ;  the  resi- 
dence part  of  the  city  lies  to  the  north,  on  the  low  uplands,  and  contains 
many  fine  buildings  and  highly  ornamented  front  yards.  The  streets  are 
wide  and  regular,  smoothly  graveled,  paved,  lighted  with  gas  and  lined 
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with  beautiful  maple  shade  trees.  The  water  supply  is  drawn  from  inex- 
haustible wells.  The  city  government  is  complete,  with  a  uniformed  po- 
lice force,  fire  department,  and  everything  to  indicate  a  thriving,  vigorous 
town. 

Carthage,  on  Big  Blue  River,  the  second  place  in  point  of  size  in  the 
county,  is  a  good  town  of  600.  inhabitants,  surrounded  by  a  fine  agricul- 
tural region. 

Milroy  is  the  third  town,  in  size,  and,  since  the  completion  of  the  Ver- 
non, Greensburg  &  RushviUe  Railroad,  has  grown  rapidly.  Its  loca- 
tion, nearly  equidistant  between  Greensburg  and  Rushville,  and  a  good 
fiurming  community  supporting  it,  promise  well  for  its  future. 

Moscow,  Richland,  New  Salem,  and  Raleigh  are  thriving,  pleasant 
villages,  off*  the  railroad  lines.  Manilla,  Homer,  Marcellus,  Glenwood, 
Falmouth,  Gings,  and  Arlington  are  railroad  villages,  of  three  hundred 
,  inhabitants  and  less.  They  are  active  trading  and  shipping  marts,  the 
outgrowth  of  the  commercial  wants  of  the  finest  farming  and  pasture  lands 
in  the  world. 

Rush  county  is  well  supplied  with  railroads,  all  centering  and  crossing 
at  Rushville.  The  Cincinnati,  Hamilton  &  Indianapolis  Railroad  runs 
through  the  central  part  of  the  county,  from  the  east  to  the  northwest ; 
the  Cambridge  Branch  of  the  Jefferson ville,  Madison  &  Indianapolis  Rail- 
road (forming  a  connecting  link  in  the  **  Pan-Handle  system^),  crosses 
the  county  from  the  southwest  to  the  northeast ;  the  Vernon,  Greensburg 
&  Rushville  Railroad  (a  branch  of  the  **Big  Four,"  Cincinnati,  Indian- 
apolis, St.  Louis  &  Chicago  Railway)  and  the  Louisville  Branch  of  the 
Cincinnati  &  Fort  Wayne  Road,  traverse  the  center  of  the  county,  from 
north  to  south. 

All  pikes  and  other  roads  leading  out  of  Rushville  are  graveled  to  the 
out  townships,  and  many  of  them  to  the  adjoining  county  lines.  The  ex- 
periment of  building  free  pikes  is  being  tested  in  some  parts  of  the  county. 
The  ordinary  dirt  roads  are  good,  especially  for  Indiana,  and  in  summer 
nothing  could  be  much  nicer,  but  in  winter  they  are  fearfully  muddy.  I 
was  struck  with  the  almost  total  absence  from  the  road  side  of  the  rank 
and  vile  weeds  so  commonly  seen  in  a  neighborhood  of  slovenly  farmers. 
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The  striking  geological  facts  bearing  on  the  topography  and  surface 
configuration  of  Rush  county,  deduced  from  the  above  tables  and  others* 
before  published  in  connection  with  the  Geological  Survey  of  Indiana,  is 
the  limitation  of  a  part  of  the  western  border  or  crest  of  the  ancient  up- 
heaval of  the  bed  of  old  ocean  that  has  given  origin  to  the  Cincinnati 
arch  of  Ihe  Lower  Silurian  rocks.  The  western  border  of  the  Cincinnati 
arch  can  be  readily  traced  from  the  summit,  near  Pearceville,^  in  Ripley 
county,  north,  through  McCoy's  Station  and  Clarksburg,  in  Decatur  coun- 
ty, through  Richland  and  Noble  townships.  Rush  county ;  thence,  north 
on  the  boundary  line,  and  through  the  western  part  of  Fayette  county. 
The  summit  of  the  crest,  one  and  one-half  miles  east  of  Glenwood  (Vien- 
na), taken  at  the  natural  level  of  the  surface  of  the  country,  has  an  ele- 
vation of  1116  feet  above  tide  water,  which  ranks  it  in  altitude  as  the  sec- 
ond highest  point  yet  reported  south  of  Indianapolis,  and  second  only  tx> 
the  celebrated  Weed  Patch  Knob  of  Brown  county,  which  has  an  alti- 
tude of  1173  feet  above  the  ocean. 

The  next  highest  point  (1084)  reported  in  this  connection,  is  taken  at 
the  base  of  the  rail  on  the  Cambridge  Branch  Railroad,  two  and  a  half 
miles  northeast  of  Falmouth.  This  line  of  elevation  is  not  a  high  ridge 
in  the  sense  of  an  abrupt  elevation  above  the  common  level  of  the  coun- 
try ;  the  so-called  hills  of  Fayette,  Union  and  Franklin  counties  are  real- 
ly not  hills,  the  unevenness  of  the  country  being  due  to  valleys  cut  below 
the  surface.  The  top  of  the  Lower  Silurian  outcrop  in  Indiana,  in  its 
early  history,  was  a  level  plain.  From  the  western  border  of  this  arch  or 
plain  the  land  falls  away  in  a  gradual  slope  to  the  west,  and  so  gradual  i& 
the  descent  that  it  is  not  noticed  by  the  casual  observer.  A  reference  to 
the  table  of  altitudes,  however,  shows  a  marked  difference  in  the  eleva- 
tions on  the  east  and  west  sides  of  the  county.  The  Glenwood  summit,, 
it  will  be  seen,  is  159  feet  above  the  bed  of  Flat  Rock  River,  at  Rushville^ 
and  more  than  100  feet  above  the  common  level  of  the  country  in  the 
central  part  of  the  county.  From  Rushville,  west,  to  the  bed  of  Beaver 
Meadow  Creek,  the  descent  is  eighty-eight  feet,  equal  to  a  difference  of 
221  feet  between  the  summit  and  the  bed  of  the  creek  last  mentioned. 
The  Falmouth  summit  is  101  feet  higher  than  Rushville,  and  179  feet 
higher  than  the  base  of  the  rail  at  the  point  where  the  Cambridge  branch 
crosses  the  Shelby  and  Rush  county  line.  The  elevations  on  the  Vernon^ 
Greensburg  &  Rushville  Railroad  show  that  there  is  but  one  foot  differ- 
ence between  the  level  of  Williamstown,  at  the  Decatur  county  line,  and 
the  junction  with  the  Jefferson ville,  Madison  &  Indianapolis  Railroad,, 
and  that  the  highest  point  on  the  road  (Bennett's  Station)  is  twenty-seven 
feet  above  Rushville.  Two  and  a  half  miles  west  of  the  Rushville  depot, 
on  the  Cambridge  Road,  the  top  of  the  grade  is  twenty-six  feet  higher 
th^n  at  the  depot,  and  on  the  Cincinnati,  Hamilton  &  Indianapolis  road 
the  difference  is  twenty  feet. 
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Stretching  away  to  the  west,  on  a  gentle  slope,  rests  the  broad  and  fer- 
tile acres  of  Rush  county.  Over  the  surfece  of  an  otherwise  level  expanse 
of  country  are  short,  low  ridges,  and  slight  mounds  of  gravel  and  sand, 
intermingled  with  a  greater  per  cent,  of  clay.  None  of  these  elevations 
•exceed  twenty  feet  above  the  common  level,  and  very  few  of  them  reach 
that  figure — there  is  just  enough  rise  and  fall  of  ridge  or  mound  to  relieve 
the  eye  of  the  monotony  of  a  dead  sameness.  An  apparent  exception  to 
the  above  is  seen  in  Anderson  and  Orange  townships,  where  portions  of 
the  country  are  cut  into  bluffs  and  valleys  by  Big  Flat  Rock  River  and  its 
tributary  creeks  and  branches. 

DRAINAGE. 

.The  western. border  of  the  Lower  Silurian  (Cincinnati  arch),  besides  its 
bearing  on  the  topography  of  the  county,  determines  the  course  of  its 
rivers  and  creeks,  causing  those  east  of  the  border,  or  divide,  in  Richland 
and  Noble  to¥mships,  to  flow  into  the  White  Water  River,  and  those  of 
the  rest  of  the  county  to  unite,  as  tributaries,  with  the  east  fork  of  White 
River.  With  the  exception  of  Big  Blue  River  (which  flows  through  Rip- 
ley township,  in  the  northeast  comer  of  the  county),  all  the  rivers  and 
creeks  of  the  county  have  their  origin  within  its  limits  or  near  the  boundary 
lines.  From  this  fact,  it  is  manifest  that  the  greater  number  of  its  streams 
are  small.  Fiat  Rock  River  is 'the  most  important  stream  of  the  county, 
and,  with  its  many  tributaries  (the  largest  of  which  is  Little  Flat  Rock 
Creek),  drains  the  northeast,  central  and  southwest  portions  of  the  county. 
The  northwest  and  western  portions  of  the  county  are  drained  by  Big 
Blue  River  and  its  branches,  Little  Blue  River  and  Mud  Creek. 

The  flow  of  its  streams  to  the  west  and  southwest  is  determined  by  the 
general  lay  of  the  land  already  described  and  the  increasing  depth  and 
lower  level,  from  the  north  to  the  south,  of  the  Collett  Glacial  River  val- 
ley, of  which  Rush  county  forms  an  integral  part. 

In  all  drift  regions,  especially  where  the  drifl  is  heavy,  as  is  the  case  in 
the  north  half  of  Rush  county,  the  rivers  and  creek  channels  seldom  reach 
down  to  the  country  rock.  Below  Hunger  ford's  dam,  section  4,  township 
12,  range  9,  the  bed  of  Big  Flat  Rock  River  is  generally  rocky,  and  the 
same  is  true  of  Little  Flat  Rock  Creek,  below  Milroy.  With  these  ex- 
ceptions, and  appearance  of  stone  in  the  bed  of  the  river,  four  miles  below 
Rushville,  and  in  Little  Blue  River,  below  Arlington,  the  bed  and  banks 
of  the  streams  are  clay,  gravel,  or  sand.  Flat  Rock  River,  where  its  bed 
lies  wholly  in  the  drift,  has  well-marked,  level  terrace  banks,  or  second 
bottoms,  ranging  in  width  from  one-half  to  one  mile,  with  an  average 
width  of  three-fourths  of  a  mile  in  the  vicinity  of  Rushville.  The  average 
width  of  the  river-bed,  or  first  bottom,  is  about  300  feet;  height  of  bank 
is  10  feet;  and  the  difference  between  low  and  high  water  is  8  to  11  feet. 
The  bluff  banks  of  the  second  bottoms  vary  in  height  from  1 0  to  50  feet. 
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and,  in  a  few  places,  may  reach  even  80  feet.  The  second  bottoms  of 
Big  Blue  River  at  Carthage,  vary  in  width  from  one-half  to  one  mile, 
with  bluffs  from  20  to  50  feet  high.  Here,  the  river  banks  average  10 
feet  in  height,  and  the  diiference  between  low  and  high  water  is  10  to  12 
feet.  In  the  early  history  of  the  county,  most  of  the  streams,  having 
their  origin  in  the  ponds  and  swamps  of  the  flat  lands,  were  everlasting 
brooks  and  branches,  which  wound  their  sluggish  way  beneath  the  pro- 
tecting shadows  of  a  dense  forest,  but,  under  the  improving  hand  of  man, 
many  of  them  have  been  changed  into  artificial  ditches  that  are  dry  one- 
half  the  year.  In  this  fast  age,  even  the  creeks  and  rivers  are  required  to 
do  their  work  in  a  hurry ;  the  barriers  that  once  held  back  the  waters 
have  been  removed,  the  very  soil,  by  tilling,  deprived  of  its  superabund- 
ant moisture,  and  the  floods  sent  rushing  down  to  the  ocean. 


GENERAL  GEOLOGY. 

All  the  native  stone,  found  in  place,  in  Rush  county,  belongs  either  to 
the  Niagara  epoch  of  the  Niagara  group.  Upper  Silurian  division  of  the 
Silurian  Age,  or  the  Comiferous  epoch  of  the  Corniferous  group  of  the 
Devonian  Age. 

CONNECTED  SECTION. 

QUATERNARY  AGE. 

ALLUVIAL  EPOCH. 

Black  soil  and  river  deposits 4  ft. 

DRIFT   PERIOD. 

Bowlders,  gravel,  sand,  yellow  and  blue  clays 60  ft» 

PALAEOZOIC   TIME. 

DEVONIAN   AGE. 

CORNIFEROUS  PERIOD. 

Buff-colored  magnesian  limestone,  lower  division  of  the  Corniferous 

epoch,  used  for  making  lime 30  ft. 
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UPPER  SILURIAN   AGE. 


NIAGARA   PBRIOB. 

Waldron  shale 2  ft. 

Gray  or  blue  limestone,  building  rock 25  ft. 


Total 151  ft. 

The  thickness  of  each  stratum,  as  given  above,  is  an  average  of  sev- 
eral measurements,  made  at  different  points.  At  some  places,  the  Cor- 
niferous  group  stone  has  a  thickness  of  less  than  one  foot,  at  others  it  ex- 
ceeds that  given.  In  time  but  two  ages  are  represented,  and  the  country 
rock  underlying  the  drift  forms  but  a  small  port  of  the  great  geological 
series.  The  top  members  of  the  Devonian,  the  whole  of  the  Carbonifer- 
ous, Reptilian  and  Tertiary  ages  are  wanting ;  either  they  were  never  de- 
posited over  the  surface  of  Rush  county,  or  they  have  been  removed  by 
agencies  that  have  worn  away  and  comminuted  their  rocky  substance  to 
coarse  gravel,  sand  and  impalpable  clay. 

A  practical  inference  from  the  absence  of  the  rocks  of  the  Carbonifer- 
ous age,  is  that  no  true  coal  bed  will  ever  be  found  within  the  limits  of 
Rush  county. 


PALAEOZOIC    GEOLOGY. 

UPPER  SILURIAN  TIME. 

NIAGARA   PERIOD. 

Commencing  with  the  Niagara  group,  this  limestone  is,  geologically,  the 
oldest  rock  seen  in  the  county.  I  found  it  an  even  bedded,  crystalline 
stone,  of  a  drab  blue,  or  gray  color,  outcropping  along  the  banks  of  Big 
Flat  Rock  River,  below  Moscow,  and  from  Milroy,  south,  on  Little  Flat 
Rock  Creek,  in  Orange  and  Anderson  townships.  It  does  not  seem  to 
form  an  exposed  part  of  the  bluffs  on  either  side  of  the  valleys,  mid,  if  it 
is  ever  discovered  in  them,  will  be  found  at  their  base,  covered  by  a  heavy 
stratum  of  the  Comiferous  group.  As  the  drift,  gravel,  sand  or  clay 
covers  all  the  stone  of  the  rest  of  the  county,  with  but  a  few  exceptions 
in  Posey  and  Rushville  townships,  it  is  not  possible  to  exactly  define  the 
surface  and  boundary  of  the  Niagara  stone.  From  the  reported  results  of 
borings  made  in  the  vicinity  of  Rushville,  and  the  outcrop  seen  in  Flat 
Rock  River,  below  the  city,  it  is  safe  to  say  that  wells  sunk  through  the 
drift  in  Richland,  Noble,  Union  and  Washington  townships,  will  reach 
the  Niagara  limestone. 
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in  the  central  tier  of  townships — Anderson,  Rushville,  Jackson  and 
Center — the  prevailing  stone  will  depend  largely  on  the  irregularity  of 
the  surface  underlying  the  drift.  The  Niagara  will  probably  be  found  in 
the  low  places,  and  the  Corniferous  capping  the  higher,  with  a  prepon- 
derance of  the  latter.  Mr.  Geo.  C.  Clark,  of  Rushville,  reports  that 
three-quartern  of  a  mile  from  the  city,  up  the  mill-race,  the  freshets  have 
exposed  a  gmy  limestone,  on  a  level  with  the  bed  of  Flat  Rock  River, 
that  U  rt^ferred  to  the  Niagara  group.  Driven  and  other  wells,  put  down 
in  the  central  part  of  the  county,  have  struck  a  similar,  if  not  identical, 
stone. 

No  MUtcrop  of  the  Hudson  River  group,  Lower  Silurian,  was  seen,  nor 
haw  II uy  Ix'cn  reported,  but,  possibly,  it  may  be  found  in  some  of  the  ra- 
vines or  creek  bottoms,  on  the  east  side  of  Richland  township,  under 
the  thinned  edge  of  the  Niagara. 

No  opt*^rtunity  offered  to  measure  the  dip^  but  the  general  topography 
of  the  county  clearly  indicates  that  it  is  to  the  southwest,  at  a  rate  of  not 
leas  thaii  i^lxteea  feet  to  the  mile. 

lu  the  region  of  St.  Paul,  Decatur  county,  the  Niagara  limestone  has 
a  thickness  ^>f  not  less  than  forty  feet,  and,  in  places,  more;  but  it  seems 
highly  probable  that,  on  the  south  line  of  this  county,  it  thins  out  as  it 
upproachc.^  the  Cincinnati  arch.  Near  the  western  crest  of  the  arch,  the 
lithological  characters  of  the  top  members  are  changed  from  cherty  rub- 
ble u>  an  eveu-textured  stone,  or  the  cherty  portion  has  been  eroded 
away ;  the  former  is  the  case  with  the  outcrops  seen  in  Rush  county. 

Chemically,  the  Niagara  limestone  is  a  carbonate  of  lime  and  magnesia, 
ill  variable  j>roportions,  together  with  alumina,  silica,  and  oxide  of  iron 
ill  much  .snuiller  quantities.  The  reddish  color  of  weathered  specimens  of 
the  fitont  is  due  to  a  change  of  the  oxide  of  iron  from  a  lower  to  a  higher 
oxide,  by  exposure.  The  percentage  of  silica  is  greatly  increased  in  the 
flinty  or  cht^rty  portions  of  the  top  strata,  and  is  aggregated  into  irregular 
niaa^j!,  nodules,  and  rough  tables,  that  cause  the  stone,  on  exposure,  to 
break  into  fragments.  The  Rush  county  stone  seen  by  me  is  compara- 
tively free  f  r<nu  cherty  matter,  as  I  have  before  mentioned ;  and,  hence, 
the  upjver  ledges  are  more  valuable  than  the  outcrops  at  some  other 
[ikces.  Uniformity  of  structure  is  an  important  element  in  a  durable 
lirnei^tone  for  building  purposes — hard  and  soft  places  differ  widely  in  the 
anion ut  of  water  the  stone  will  absorb,  and  so,  by  freezing,  subject  it  to 
very  \ineqnal  strains  and  cause  it  to  shell  and  break.  Mr.  Geo.  C.  Clark 
called  my  attention  to  the  gradual  crumbling,  to  fine  fragments,  of  the 
court  housM*  foimdation  in  Rushville,  where,  frequently,  as  much  as  an 
inch  has  been  worn  away.  Whether  this  erosion  was  due  to  atmos- 
pheric waste,  acting  on  a  stone  deficient  in  the  cement  that  holds  the  par- 
ticles together,  or  irregularity  in  density,  it  was  not  possible  to  say  with 
oertainty,  but  probably  the  former;  and  it  may  be  that  the  durability  of  a 
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limestone,  aside  from  the  homogeneity  manifest  to  an  ordinary  quarry- 
man,  can  be  thoroughly  tested  only  by  time  and  exposure.  And  while 
but  few  ledges  of  this  stone  seen  in  Rush  county  will  come  up  to  the 
high  standard  required  of  a  first-class  building  rock,  for  use  in  expensive 
structures,  all  of  it  will  be  found  valuable  for  the  thousand-and-one  uses 
to  which  stone  is  now  applied.  It  can  be  economically  worked  in  road- 
making,  to  form  a  base  on  which  to  spread  gravel.  This  experiment  is 
being  made  on  the  Milroy  and  Andersonville  pike  with  every  prospect  of 
it  proving  a  success.  In  time,  the  south  part  of  the  county  will  be  fenced 
with  stone  walls  taken  from  the  Niagara  beds  of  Big  and  Little  Flat 
Rock;  and,  but  for  its  nearness  to  the  quarries  just  south  of  the  Decatur 
county  line,  it  would  now  be  in  demand  for  fence  posts  and  bases.  At 
present  what  stone  is  taken  out  is  mainly  used  for  foundations  and  other 
purposes  about  light  buildings. 

It  is  evident  that  the  Niagara  limestone  was  formed  at  the  bottom  of 
a  sea  free  from  sediment,  but  subjected  to  currents  sufficiently  strong  to 
reduce  the  crinoidge  and  other  organic  remains  found  in  it  to  fragments ; 
and  as  corals  do  not  flourish  below  the  influence  of  the  waves,  their  pres- 
ence in  the  top  ledges  indicate  a  shallowmg  of  the  waters  near  the  close 
of  the  period. 

In  this  State  the  base  of  the  Niagara  is  made  up  of  shale,  in  strata 
ranging  from  a  few  inches  to  eight  or  nine  feet  in  thickness.  None  of 
these  beds  are  exposed  in  Rush  county,'  but,  as  they  outcrop  northeast  of 
Clarksburg,  in  Decatur  county,  they  may  be  found  near  the  surface  in 
the  southeast  corner  of  Rush  county. 

The  upper  Niagara  shale  (or  soapstone,  as  it  is  frequently  called)  is 
seen  at  Moscow  and  Milroy.  This  formation  is  generally  known  as  the 
Waldron  shale,  for  the  reason  that  the  outcrop,  on  Conn's  Creek,  in 
Shelby  county,  is  largely  made  up  of  magnificent  fossils  that  have  given 
the  locality  a  world-wide  reputation.  It  does  not  seem  to  have  fm  exact 
equivalent  in  any  of  the  adjoining  States,  and  in  Indiana,  so  far  as  re- 
ported, the  outcrops  are  confined  to  Flat  Rock  River,  Clifty  Creek  and 
their  tributaries.  It  is  seen  frequently  from  Moscow  and  Milroy,  south, 
to  Hartsville,  and  from  Milroy  and  Sandusky,  west,  to  Waldron.  Aside 
from  the  fossils  found  in  it  and  its  marking  the  junction  of  the  Upper 
Silurian  and  Devonian  Ages,  it  has  no  special  geological  import  on 
economic  value.  In  this  county,  the  Waldron  shale  contains  more  than 
the  usual  per  cent,  of  argillaceous  matter,  nowhere  showing  imbedded 
nodules  and  flat  pieces  of  limestone.  Perhaps  it  was  due  to  a  want  of 
carbonate  of  lime  that  no  fossils  were  found  in  it,  aside  from  a  few  frag- 
ments. In  structure,  the  beds  are  made  up  of  thin  laminse  of  friable 
shale  and  indurated  clay.  When  not  exposed  the  color  is  some  sha^e  of 
blue  that  weathers  to  yellow  or  ochrey,  and  the  broken-down,  disinte- 
grated beds  are  scarcely  distinguishable  from  the  overlying  yellow  cUty  of 
the  Drift  period. 
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The  eruditions  under  which  the  Waldron  ahale  was  formed  were  in  part 
a  (continuation  of  those  of  the  shallow  sea  of  the  cherty  Niagara  limestone. 
The  essential  change  in  the  conditions  was  the  addition  of  currents  loaded 
with  a  clay  sediment.  It  has  been  suggested  that,  to  the  northward,  the 
Waldron  area  was  a  more  shallow  sea,  but,  so  far  as  yet  reported,  these 
be*ls  aro  lineal,  and,  as  indicated  above,  of  no  very  great  area,  and  it  seems 
jKJssibJe  tlmt'the  clay  sediment  also  may  have  been  of  local  origin.  At  this 
time  itj  geological  history  the  Lower  Silurian  limestone  and  shale  of  In- 
diana nuil  Ohio,  on  the  southeast,  was  either  dry  land  or  a  wave- washed 
Irnak  that  may  have  furnished  the  alumina  of  the  Waldron  shale. 

DEVONIAN  AGE. 
CORNIFEROUS  PERIOD. 

Geologists  teach  that  the  Devonian  Age  is  the  record  of  an  invasion  of 
Uie  dry  laad,  then  in  existence,  by  the  sea.  The  Devonian  sea  was 
bounded  on  the  southwest  by  the  islands  of  the  emerging  Cincinnati  an- 
ticlinal ;  im  the  west,  the  nearest  land  was  the  Lower  Silurian  mountains  of 
Missouri ;  away  to  the  north,  the  highlands  of  Canada  were  a  part  of  a 
great  and  growing  continent ;  on  the  east,  in  the  States  of  New  York 
anil  PenuHylvania,  an  extended  area  of  dry  land  was  exposed.  Doubt- 
Itias  changes  in  the  relative  level  of  the  land  and  sea  were  more  frequent 
and  well  nmrked  in  their  influence  on  the  east,  where  the  Devonian  shales 
and  ?^anilE^fones  have  a  total  thickness  of  more  than  15,000  feet,  than  in 
t'entral  Indiana,  where  the  formation  is  for  the  most  part  limestone  of  an 
aggregate  thickness  of  300  feet  or  less.  But  over  all  the  interior  space  a 
warm  Ben  })revailed,  even  its  northern  margin  being  studded  with  coral 
reef?  nn*\  islands,  and  its  shores  having  a  tropical  vegetation  (Newberry). 

The  i?nrtace,  extent  and  limits,  east  and  west  of  the  Corniferous  group 
Stone  in  Hush  county,  may  be  defined  by  reference  to  the  description  al- 
ready given  of  the  area  covered  by  the  Niagara  epoch.  Roughly  stated, 
if  all  tbt.^  drift  materials  were  removed  from  the  west  half  of  the  county, 
the  exposed  surface  would  be  found  to  be  buif-colored,  magnesian  lime- 
stone tjf  the  base  or  lower  division  of  the  Corniferous.  Exceptions  to  this 
general  rule  are  found  in  the  valleys  of  the  creeks  and  rivers.  The  stone 
expnsed  in  the  mound  southwest  of  Rushville,  section  24,  township  13, 
ran^  I*,  and  near  Swayne's  mill,  on  Little  Blue  River,  and  in  the  vicinity 
of  Arlington,  are  all  outcrops  of  the  Corniferous  stone. 

In  thr  banks  of  Big  Flat  Rock,  near  Moscow,  it  has  the  same  general 
chanicter  ns  the  strata  further  south.  It  is  a  coarse,  argillaceous  stone, 
having  much  the  physical  appearance  of  a  sand-rock,  and  is  frequently  so 
called  hy  the  quarrymen ;  but  the  ease  with  which  it  is  burned  to  lime 
proveis  thiit  it  is  not  a  sandstone.  Near  the  bridge  over  Little  Flat  Rock 
Creek,  just  west  of  Milroy,  the  Comiferoua  is  the  only  stone  seen  in  the 
outcropt  and  has  the  same  earthy  color  and  appearance,  but  is  in  thinner 
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8trata  that  break  into  wedge-shaped  pieces  with  feather  edges.  In  gen- 
eral appearance  it  is  identical  with  the  outcrops  of  the  same  formation  in 
the  vicinity  of  Greensburg,  and  contains  a  higher  per  cent,  of  carbonate 
of  lime  than  the  equivalent  beds  on  -Big  Flat  Bock.  In  its  western  ex- 
posure, at  Moscow,  the  bedding  is  from  medium  to  heavy  massive,  breaking 
into  angular  blocks  that  are  rounded  at  the  comers  by  weathering,  and 
under  certain  conditions  of  constant  moisture,  disintegrate  to  a  fine  powder. 
One  mile  below  Milroy,  on  Little  Flat  Bock,  the  Comiferpus  outcrops  above 
the  Waldron  shale  and  has  local  characteristics  that  distinguish  it  from 
either  of  the  two  varieties  before  described.  Here  it  is  a  thin-bedded, 
shelly,  blue  or  drab,  crystalline  Jimestone  apparently  free  from  admix- 
ture with  earthy  matter.  In  lithological  appearance,  it  is  the  equivalent 
of  the  middle  division  of  the  Comiferous  group  that  lies  just  under  the 
North  Vernon  stone  in  many  other  parts  of  the  State.  Nowhere  in  the 
adjoining  counties  have  I  seen  a  stratum  of  so  highly  crystalline  stone  as 
this  at  the  base  of  the  group.  These  varieties,  occurring  within  a  radius 
of  a  few  miles,  indicate  that  they  were  formed  under  local  conditions 
acting  near  the  margin  of  a  surf-beaten  coast. 


LIST  OF  FOSSILS  FOUND  IN  BUSH  COUNTY.       • 
UPPER  SILURIAN. 
NIAGARA   GROUP. 

FavosUes  Forbeai  (var.  occidentalis) Hall. 

FavosUes  epinigerus Hall. 

Streptdasma  radicam Hall. 

StrepieUmnja  borealis Nicholson. 

Oyaihophyllum  radicula Bominger. 

Euccdyptocrinus  crassus Hall. 

Eitcalyptocrintts  codatus Hall. 

Lyriocrinus  melissa Hall. 

Lichenalia  concentrica Hall. 

Anastrophia  intemascens Hall. 

Rettia  evax .  Hall. 

Bhyrusotrda  euneata  (var.  Americarui) Hall. 

RkynchaneUa    Whiiii Hall. 

BhynchoneUa  Indianensis Hall. 

Meridinq  Maria Hall. 

Meridma  nitida Hall. 

Atrypa  reticularis Linneus. 

Spirifera  erispa Hall. 

Platyostoma  Niagarerms Hall. 

7— Obol. 
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Strophostyliis  cyclostomtis Hall. 

Gyroceras  Elrodi .  White. 

Orthoceras  annulatum Hall. 

Orthoeeras  crebescem Hall. 

DEVOJSIAN  AGE. 
CORNIFEROUS  GROUP. 

CyaihofphyUum  camiculum '.    .  Rominger. 

CyaihophyUum  rugosum Edwards  &  Haime. 

AcervuLaria  Davidsoni Edwards  &  Haime. 

FavoeUes  hemisphericus Yandell  &  Shumard. 

Favosites  limiiaris Rominger. 

Favosites  epidermatis        Rominger. 

Stromatopora  tubereulata Nicholson. 

ZaphrentiB  gigantea Rafenesque. 

Athyris  vUata Hall. 

Atrypa  reticularis Linneus. 

Spirifera  Oweni    . Hall. 

Spirifera  euniteines Hall. 

Spirifera  mucronaiaf 

Strophodorda  demissa Conrad. 

Conocardium  trigoTvale Hall. 

All  the  sedimentary  stone  of  Rush  county  is  fossiliferous,  but  not  highly 
so ;  and  no  localities  are  known  that  offer  attractions  to  the  professional 
Specimen  collector.  Just  below  the  Decatur  county  line,  on  Big  Flat 
Rock,  Mr.  Shaw  showed  me  several  fine  fossils,  found  in  the  Niagara 
limestone  of  his  quarry.  One  of  them  is,  probably,  an  Eucalyptocrinus  of 
very  large  size ;  another  appears  to  be  a  large  cystidian.  He,  also,  has  a 
fine  specimen  of  Orthoceras  strixy  the  only  one  I  have  seen  from  any  of  the 
Indiana  beds.  This  locality  is  mentioned,  with  the  hope  that  some  good 
collector  may  visit  and  give  it  a  thorough  examination.  The  Waldron 
shale,  so  far  as  seen,  is  nearly  destitute  of  good  specimens,  and  fragments 
by  no  means  common.  The  Corniferous  fossil  beds  present  nothing 
specially  different  from  those  of  other  localities.  Mr.  Geo.  C.  Clark  has 
some  nice  specimens  of  Spirifera  nvucronata  (?)  and  corals,  found  in  the 
Drift  gravel  near  the  Little  Flat  Rock  Christian  Church.  I  visited  the 
localit}',  but  did  not  find  anything  of  interest. 

LOCAL  DETAILS. 

Following  the  banks  of  Big  Flat  Rock,  north  from  St.  Paul,  the  height 
of  the  bluffs  gradually  grows  less,  until,  at  Moscow,  they  are  less  than 
twenty  feet.     Generally,  after  crossing  the  county  line,  but  one  side  of  the 
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stream  shows  a  full  bluff  outcrop,  the  other  side  having  been  eroded 
away  by  the  forces  that,  in  ages  gone  by,  excavated  a  valley  many  times 
greater  than  the  rain  storms  of  this  day  ever  fill.  Underlying  some  of 
these  low  bottoms,  quarries  can  be  opened  and  worked  economically ;  the 
qoarrymen  will  find  but  little  stripping  necessary,  nature  having  done  this 
part  of  the  work  for  him. 

SECTION   AT  MOSCOW,  ORANGE  TOWNSHIP. 

Covered  space 

Corniferous  limestone,  massive  earthy  stone 2  ft.  0 

Waldron  shale  (clay),  Niagara  group 0  ft.  10 

Flag,  even-bedded  Niagara  limestone 0  ft.  2J 

Flag 0  ft.  3 

Flag 0  ft.  3 

Flag 0  ft.  4} 

Flag,  or  dimension  stone 0  ft.  10 

Flag,  or  dimension  stone 0  ft.  9    in. 

Flag , 0  ft.  6    in. 

Flag 0  ft.  4 

Flag 0  ft.  3 

Flag 0  ft.  4 

Flag 0  ft.  2 

Flag 0  ft.  2 

Flag 0  ft.  4 

Dimension  stone 0  ft.  5    in. 

Dimension  stone 0  fL  4    in. 

Dimeni&ion  stone 0  ft.  6    in. 

Dimension  stone 0  ft.  10    in. 

Stone  to  the  level  of  river  bed 6  ft  0    in. 


Total 16  ft.    7    in. 

This  quarry  is  opened  in  the  east  bank  of  Flat  Rock  River,  on  the  point 
of  an  angle  formed  by  a  ravine.  The  amount  of  work  done  has  not  been 
sufficient  to  develop  the  exact  quality  of  the  stone,  that  taken  out  being 
changed  by  exposure  and  atmospheric  waste.  So  far  as  the  quarry  has 
been  developed,  the  stone  is  very  free  from  chert,  so  common  in  the  top 
strata  of  the  Niagara  at  other  places.  The  bedding  is  loose,  even,  and 
generally  free  from  vertical  seams,  and  of  sufficient  thickness  to  make  ex- 
cellent flag  and  general-piirpose  building  stone.  The  facilities  for  working 
the  quarry  are  confined  to  an  ordinary  outfit  of  drills,  bars,  hammers,  etc. 
At  the  time  of  my  visit,  Mr.  J.  H.  Jones,  lessee  of  Jos.  Owens,  the  owner 
of  the  quarry,  and  two  employes,  were  engaged  in  prospecting  and  pre- 
paring to  take  out  stone  in  quantities.  With  a  good  gravel  road  from 
Moscow  to  Milroy,  ^  local  demand,  at  least,  might  be  developed  that 
would  pay  good  returns  on  a  quarry  investment.  That  the  citizens  of 
Milroy  and  vicinity  are  a  wide-awake,  enterprising  people,  is  shown  by  the 
money  they  have  spent  in  building  the  Milroy  and  Andersonville  free 
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pike ;  a  continuation  of  the  same  spirit  will  macadamize  a  road  west  to 
Big  Flat  Rock.  Let  the  proprietors  of  the  quarries  show  whnt  they  have 
on  hand,  and  those  in  need  of  stone  will  get  it  away. 

SECTION    ON   LITTLE  FLAT   ROCK   CREEK,   ONE    MILE   SOUTH   OF  MILROY,   ANDERSON 

TOWNSHIP. 

Covered  space,  drift,  clay  and  gravel 

Thin-bedded,  crystalline  limestone,  lower  division  of  the  Comiferous 

group,  fossiliferous 3  ft.    0  in. 

Waldron  shale,  Niagara  group,  weathered  to  ochery-colored  clay,  and 

thin  calcareous  plates,  very  sparingly  fossiliferous 1  ft     6  in. 

Thin-bedded  Niagara  group  limestone,  to  the  bed  of  the  creek    ....  3  ft.    0  in. 

Total  , 7  ft    6  in. 

This  section  was  taken  in  the  bend  of  the  creek,  on  the  east  side,  where 
the  wash  of  the  stream  has  removed  the  crumbling  Waldron  shale,  and 
lefl  the  Comiferous  limestone  projecting  over  the  bank.  Quite  a  number 
of  fossils  were  seen  in  the  overhanging  rock  at  this  point,  and  in  the 
equivalent  stone  further  down  the  creek.  The  Waldron  shale  is  here  in- 
tercalated with  very  thin  calcareous  laminae  that,  when  found  thicker,  as 
is  the  case  at  other  points,  are  invariably  fossiliferous.  Here,  the 
amount  of  carbonate  of  lime  and  magnesia  appears  to  have  been  insuffi- 
cient to  preserve  the  organic  remains  buried  in  it.  Only  fragments  and 
crinoid  stems  of  the  species  general  to  tliis  horizon  were  found.  The  un- 
derlying Niagara  limestone  is  in  thin  strata,  so  far  as  could  be  seen,  and 
much  less  massive  than  at  the  Moscow  quarry.  The  same  remark  applies 
to  the  quarry  of  Captain  Rice,  located  a  little  lower  down  the  creek.  That 
better  stone  could  be  had  by  opening  back  into  the  bank  or  bluff,  is  very 
probable,  but,  from  what  I  have  seen  of  this  stone  further  south,  it  is  not 
likely  that  the  bedding  will  be  heavy.  The  Niagara  beds  in  this  vicinity 
will  yield  good,  light  flagging,  fence  posts,  bases,  and  light  building-stone. 
Nowhere,  in  hundreds  of  examinations  of  the  base  of  the  Comiferous, 
where  it  forms  a  junction  with  the  Waldron  shale,  have  I  found  the  stone 
so  highly  crystalline  and  so  nearly  a  pure  limestone  as  here.  Doubtless 
it  will  make  excellent  "hot*'  lime,  but,  on  account  of  its  tendency  to  shelly 
will  not  prove  of  value  for  any  other  purpose. 

QUATERNARY  AGE. 
DRIFT   PERIOD. 

In  Bush  county,  covering  alike  the  Upper  Silurian  on  the  east  and  the 
Devonian  on  the  west,  to  a  depth  ranging  from  ten  to  one  hundred  feet^ 
and  thus  largely  concealing  them  from  view,  is  found  a  mixture  of  clay, 
sand,  gravel,  pebbles,  angular,  subangular,  and  rounded  stones,  general- 
ly unassorted,  unstratified  and  unfossiliferous.     Out  of  this  apparently 
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heterogeneous  mixture,  a  careful  study  evolves  a  degree  of  order  that,  in 
its  history,  has  been  governed  by  the  same  invariable  laws  of  antecedents 
and  sequences  as  in  the  other  domains  of  nature.  The  general  arrange- 
ment of  the  drift  materials  is  illustrated  in  the  following  sections: 

SBCnON  IN  FAIB  GBOTJim  WELL,  ON  THE  LOW  BLUPF  ONE  MILE  EAST  OF  RUSHVILLE. 

Soil 6  ft.    6  in. 

Hard,  yellow,  gravelly  clay,  with  hardpan  at  the  bottom.   .   .  38  ft.    0  in. 
Hard  stone 16  ft.    0  in. 


Totol 60  ft.  6  in. 

SSCnON   OF  MR.  J.  C.   PARKBR'S   well,  north   of  THE  C,  H.  A  I.  RAILROAD   DEPOT, 

RUSHVILLE. 

Soil 9  ft.  0  in. 

Clay  and  black  carbonaceous  soil  (?) 25  ft.  0  in. 

Black  sand,  slightly  water-bearing 8  ft.  0  in. 

Mixed  gravel  and  clay,  no  water 16  ft.  0  in. 


Total 68  ft  0  in. 

SECTION   IN   MR.  GEORGE  C.  CLARK's  WELL,  ON  THE  EAST  BLITFF  ADJOINING 

RUSHVILLE.  • 

Yellow  hardpan,  similar  to  the  blue  clay  hardpan  only  in 

color 36  ft.  0  in. 

Bed  of  fine  gravel  and  water 6  ft.  0  in. 

Stone 9  ft.  6  in. 


.  Total 51  ft.    6  in. 


AVERAGE  OF  ARTESIAN   CHALYBEATE  WELLS.   WEST   END  OF  RUSHVILLE. 

Soil,  yellow  clay,  and  gravel 6  to    8  ft. 

Blue  clay,  hardpan 14  to  15  ft. 

Fine  white  sand  and  water 


Total 20  to  23  ft. 


SECTION   IN   THE  WELL  OF  JOHN   F.  MOSES,   TWO  MILES   NORTH   OF   RUSHVILLE, 
IN  JACKSON  TOWNSHIP. 

Soil,  yellow  clay,  and  blue  clay  hardpan 91  ft.    0  in. 

Stone,  probably  Comiferous  group ;  whitish,  soft,  sandy  clay, 
Waldron  shale  (?);  stone,  probably  Niagara  group ;  total 
of  stone 15  ft.    0  in. 


Total 106  ft.    0  in. 
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Thi&  bore,  one  of  the  deepest  reported  in  the  county,  was  put  down  on 
the  table-land  back  of  the  highest  bluff.  Water  was  found  in  the  lower 
stratum  of  stone,  and  rose  about  sixty-sev«n  feet  in  the  bore. 

AVERAGE  OP  WELLS   IN  CARTHAGE,  RIPLEY  TOWNSHIP. 

Sol]  and  yellow  clay,  mixed  with  large  gravel 5  ft.  to    5  ft. 

Gravel 4  ft  to    6  ft. 

Blue  clay  hardpan 10  ft.  to  25  ft. 

Quicksand  and  water 

Total 19  ft.  to  36  ft. 

SECTION    IN  THE   WELL  OF   LOUIS  J.  OFPUTT,  SECTION   21,  TOWNSHIP   14,  RANGE  9, 

POSEY  TOWNSHIP. 

Boil 6  ft.  Oin. 

Yellow  clay,  and  very  little  gravel 32  ft.  Oin. 

Hardpan,  blue  clay 18ft.  Oin. 

Stone 0  ft.  10  in. 

Total 56  ft.  10  in. 


AVERAGE  OF   WELLS   IN   ARLINGTON,    POSEY   TOWNSHIP. 

Soil,  free  from  gravel 2  ft.  6  in. 

Yellow  clay,  free  from  gravel .*    •    •    8  ft.  Oin. 

Blue  clay,  hardpan 25  ft.  0  in. 

Total 35  ft.  6  in. 


SECTION    IN   WELL   AT    MANILLA,    WALKER  TOWNSHIP. 

floll 3  ft.  0  in. 

Yellow,  loamy  clay 7  ft.  0  in. 

Liiamy  sand 10  ft.  0  in. 

Blueolay 47  ft.  Oin. 

Fiut  quicksand 3  ft  0  in. 

Snow-white  8and 1  ft  0  in. 

Gravel  and  pand 2  ft.  0  in. 

Total 73  ft    0  in. 

AVERAGE  OF   WELI^  AT   MOSCOW,   ORANGE  TOWNSHIP. 
Soil 1  ft   to      2  ft 

Yellow  clay,  slightly  mixed  with  gravel 10  ft  to  10  ft 

Blue  and  hardpan  clay 10  ft  to  20  ft 

Fine  sand  and  water 

Total 21  ft  to  32  ft 
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AVBBAOE  OF  WSLL8  AT  MILROT,  ANDKBSON  TOWNSHIP. 
Soil 1  ft.   to      2  ft. 

Yellow  clay,  uniformly  fouDd  in  the  village  and  surround- 
ing country 10  ft.  to  10  ft 

Blue  clay,  sometimes  replaced  by  a  stratum  of  sand  ...      8  ft.  to  10  ft 

Gray  clay  and  hardpan,  usually  mixed  with  fragments  of 

chert  and  pebbles 6  ft.  to    8  ft 

Grayel,  sand,  or  muck,  water-bearing,  and,  from  two  wells, 

fair  specimens  of  peat 3  ft.  to    5  ft. 

Total 28  ft.  to  36  ft 

In  one  well  dug  at  Milroy,  150  yards  from  Little  Flat  Rock,  sand  was 
reached  five  or  six  feet  from  the  top ;  after  going  through  ten  feet  of  sand 
water  was  found,  which  filled  the  well  so  it  could  not  be  walled.  In  one 
of  the  village  wells  a  bowlder  fifteen  inches  in  diameter  was  found  in  the 
muck  stratum,  and  they  are  reported  as  of  frequent  occurrence  in  other 
wells.  Along  the  southern  border  of  Anderson  township  there  is  a  stra- 
tum of  red  clay  that  seems  to  replace  the  lower  blue  clay,  as  it  comes 
from  the  bottom  of  the  wells.  The  average  of  the  wells  above  given  is 
taken  from  wells  dug  on  the  uplands,  above  the  first  terrace  or  second 
bottom  of  the  creek. 

Sections  taken  in  the  wells  at  Bichland,  Richland  township,  and  at 
New  Salem,  Noble  township,  show  very  nearly  the  same  strata  and  thick- 
ness as  the  average  of  the  wells  at  Milroy. 

From  the  foregoing  sections,  it  will  be  seen  that  there  is  an  orderly  suc- 
cession of  strata,  from  the  bottom  to  the  top  of — (1)  sand,  quicksand  or 
gravel;  (2)  blue  plastic  clay  or  gray  hardpan,  and,  occasionally,  buried 
timber,  muck  or  peat ;  (3)  yellow  or  red  clay ;  and  (4)  soil.  Another 
conspicuous  member  (5)  of  the  Drift,  not  mentioned  above,  is  the  frequent 
occurrence,  in  places,  of  bowlders — exotic  stones,  derived  from  the  Arch- 
sean  rocks  found  native  in  the  high  land  of  Canada  and  on  the  south 
shore  of  Lake  Superior.  In  some  of  the  sections  it  will  be  noticed  that 
one  or  more  of  the  generally  found  strata  are  wanting;  either  they  were 
never  formed,  or,  by  the  action  of  local  causes,  they  have  been  removed, 
or  altered  and  blended,  until  it  is  impossible  to  identify  them  as  the 
equivalent  of  any  particular  stratum ;  but  however  altered  and  changed, 
the  order  of  succession,  remains  the  same  in  the  Rush  county  Drift. 

In  the  southern  townships.  Orange,  Anderson  and  Richland,  the  aver- 
age thickness  of  the  Drift  will  not  vary  much  from  thirty  feet.  On  the 
east  side  of  the  county,  in  Richland,  Noble,  Union  and  Washington  town- 
ships, near  the  water-shed,  the  deposit  grows  thinner,  and  will  not  gen- 
erally exceed  twenty  feet  At  Rushville,  Henry  Ormes  &  Co. ,  who  have 
made  many  borings  and  wells,  give  forty-eight  to  fifty  feet  as  the  average 
depth  of  stone.     North,  northwest  and  west  of  Rushville  the  general 
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depth  will  reach  sixty  feet  and  over.  At  Manilla,  the  well  above  re- 
ported passed  thr»)Ugh  seventy-three  feet  of  Drift ;  and  another,  bored  on 
an  adjoining  farm,  is  said  to  have  been  put  down  one  hundred  and  twenty- 
three  feet  before  reaching  the  bottom  of  the  blue  clay. 

The  sand,  glacial  sand  or  gravel  stratum  resting  on  the  country  stone  is 
not  alike  constant  over  high  and  low  ground,  but  seems  to  occur  in  great- 
est force  in  the  surface  depressions.  Its  component  materials  range  in  size 
from  fine  siliceous  sand  to  gravel  and  angular  chert  fragments  ;  in  color, 
from  snow-white  to  dark  or  black  quicksand.  Generally  it  is  a  water- 
bearing bed  of  fine  sand,  but  is  occasionally  replaced  by  dry,  hard  pieces 
of  stone,  that,  from  lithological  and  fossil  evidence,  are  probably  the  de- 
bris of  the  eroded  Carboniferous  and  Niagara  group  limestones.  It  is 
suggested  that  the  agencies  that  reduced  the  flinty  portions  of  the  stone 
in  one  case  to  fine  particles  or  sand,  and  in  the  other  to  coarse  gravel, 
were  not  uniform  in  their  action.  Occasionally,  as  in  some  of  the  wells  at 
Milroy,  this  and  the  next  succeeding  stratum  are  blended  together. 

The  blue,  plastic  clay,  bowlder  clay,  glacial  clay,  or  hard  pan,  is  a  very 
generally  diffused  member  of  the  Drift,  occurring  universally,  except  in 
the  valleys  soutk  of  Rushville,  where  the  rivers  and  creeks  reach  down 
to,  or  near,  the  bed-rock.  Wells  and  borings  sunk  in  the  first  river  ter- 
race on  Big  Blue  River,  at  Carthage,  and  on  Big  Flat  Rock,  at  Rushville, 
pass  through  the  blue  clay,  showing  that  the  forces  which  have  excavated 
the  valleys  ceased  to  act  at  these  points  before  reaching  the  bottom  of  the 
blue  hardpan.  Taking  the  average  depth  to  stone  of  the  Rushville  wells 
at  forty-eight  feet,  and  comparing  it  with  twenty  feet,  the  average  height 
of  the  bluff  part  of  the  city  above  the  bed  of  Flat  Rock,  it  will  be  seen 
that  many  of  the  wells  go  twenty-eight  feet  below  the  river  channel  be- 
fore reaching  stone.  The  exposure  of  stone,  before  mentioned,  on  the 
west  bank  of  the  river,  at  the  head  of  the  millrace,  on  a  level  with  the 
bottom  of  the  stream,  shows  that  Flat  Rock  does  not  reach  down  to  the 
bed  of  the  ancient  valley.  During  the  Drift  period,  the  valley  was  filled 
with  clay  and  gravel,  and  the  channel  of  the  present  river  subsequently 
formed  near  the  close  of  the  period.  The  well  at  the  northeast  corner  of 
the  court  house  yard  ( dug  eighteen  feet  in  the  surface  clay  and  gravel 
without  striking  the  blue  clay),  indicates  that  the  bed  of  the  river  may 
have  shifted  from  the  north  to  the  south  at  a  still  later  date  in  geological 
history,  or  th^  bed  of  the  modern  Flat  Rock  may  formerly  have  been 
much  wider  and  gradually  contracted,  by  silting,  to  its  present  limits.  In 
physical  appearance  it  is  a  blue  or  lead  colored  clay,  where  protected  from 
atmospheric  change ;  where  exposed,  of  a  lighter  shade.  It  usually  oc- 
curs in  compact  beds,  ranging  from  a  soft,  laminated,  plastic,  putty-like 
mass,  to  a  dry,  impervious  hardpan,  that  can  only  be  excavated  with  a 
pick.  That  these  differences  in  consistency  are  largely  due  to  moisture 
may  be  shown  by  subjecting  different  specimens  to  the  same  drying  pro- 
cess.    Chemically,  it  is  an  alumina  silicate,  mixed  with  fine,  impalpable 
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sand  and  salts  of  iron ;  ite  color  is  due  to  the  latter.  At  Rushville,  Mr. 
Geo.  C.  Clark  describes  this  stratum,  by  saying  that  *'  It  is  not  properly 
blue  clay,  but  a  hardpan  of  dark  bluish  cast,  very  gritty,  filled  with 
coarse  sand  and  pebbles  or  gravel,  intermixed  like  grouting.  It  has  a 
very  disagreeable  smeU,  and,  when  it  forms  the  wall  of  a  well  or  the  well 
is  walled  inside  of  it,  the  water  has  an  offensive  smell  and  taste  for 
some  months,  but,  finally,  becomes  palatable.  In  some  places  this  bluish 
hardpan  is  forty  feet  thick,  but  generally  less."  **  Southwest  of  the  city, 
four  or  five  miles,  a  well,  bored  sixty  feet  deep,  did  not  strike  stone,  but 
found  real  blue  clay,  tough  and  resisting  the  drill  by  elasticity."  In  some 
places,  fairnsized  bowlders  of  northern  origin  are  found  in  this  stratum, 
but,  as  a  rule,  they  are  small,  worn,  and  occasionally  striated.  Not  in- 
frequently it  contains  intercalated  beds  of  sand. 

The  occurrence  of  buried  timber,  or  a  bed  of  soil  and  carbonaceous 
matter,  is  intimately  connected  with  a  description  of  the  blue  clay.  In 
this  portion  of  Indiana  it  usually  occurs  at  the  top  of  the  stratum,  but  at 
Milroy  was  found  at  the  bottom.  Buried  soil  or  timber  is  reported  in 
nearly  every  neighborhood  in  the  southern  townships  of  the  county.  The 
soil  bed,  where  it  forms  the  top  of  the  blue  clay,  is  frequently  overlooked 
in  digging  wells,  or  only  remarked  as  a  bed  of  black  earth  or  clay,  while 
the  finding  of  a  stick  of  wood  or  the  root  of  a  tree  twenty  or  thirty  feet 
below  the  surface,  is  something  out  of  the  usual  line,  and  is  reported ; 
and  the  same  is  true  of  the  muck  beds.  I  am  thoroughly  convinced  that 
the  less  conspicuous  soil  bed  is  of  much  more  frequent  occurrence. 

The  yellow  or  orange  colored  clay  is  found  everywhere  overlying  the 
blue  clay,  except  in  the  valleys  and  upland  gravel  ridges.  Over  the  east 
side  of  the  county,  and  in  the  vicinity  of  New  Salem  and  Richland,  it  is 
so  intimately  associated  with  the  top  soil  that  it  is  not  possible  to  separate 
them.  Near  the  Fayette  county  line,  the  color  is  a  reddish  orange,  and 
especially  so  in  parts  of  Washington  township.  Generally,  it  is  compara- 
tively free  from  gravel  in  the  uplands  on  the  east  and  north  sides  of  the 
county.  Isolated  points,  low  mounds  and  slight  ridges,  are  not  infrequent 
in  which  the  proportion  of  gravel  and  sand  is  increased.  This  increase  is, 
in  part,  due  to  the  clay  having  been  dissolved  out  by  the  rains.  The 
gravel,  pebbles,  and  bowlders  distributed  through  the  mass  are  identical 
in  composition  with  those  of  the  blue  clay,  but  are  less  worn ;  especially  is 
this  true  of  the  bowlders  that  are  larger,  seldom  sub-angular,  striated 
or  flattened  on  one  side  by  attrition.  In  structure  it  is  a  heterogene- 
ous, friable  clay,  much  more  pervious  to  water  than  the  blue  clay,  and 
yet  so  tenacioug  as  to  be  improved  by  tiling.  The  percentage  of  lime  is 
quite  large,  as  indicated  by  a  vigorous  growth  of  sugar  maple.  The  cal- 
careous matter  and  very  fine  sand  incorporated  with  the  orange  clay,  in 
parts  of  Richland,  Noble,  Union  and  Washington  townships,  give  it  many 
of  the  physical  characters  of  loess.  Ten  feet  will  cover  its  average  thick- 
ness in  Anderson  township,  that  gradually  grows  heavier  on  the^north, 
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until  it  will  measure  thirty  feet  or  more.  Near  the  southeast  comer  of 
the  county,  the  yellow  clay  is  very  thin;  and. over  the  line  in  Franklin 
county  it  fails  as  a  factor  of  the  Drift  period,  and  leaves  the  blue  clay  ex- 
posed as  the  surface  clay. 

On  the  crest  of  the  river  bluff,  west  of  Big  Flat  Rock,  for  five  miles 
below  Moscow,  is  a  continuous  ridge  of  imperfectly  stratified  gravel  un- 
mixed with  clay.  The  stratification  is  seldom  parallel  with  the  horizon, 
but  more  nearly  conforms  to  the  surface  slope  of  the  ridge.  A  transverse 
section  shows  the  alternating  strata  of  sand,  gravel,  sand  and  gravel,  or 
sand,  gravel,  and  pebbles,  running  in  irregular,  increasing,  and  vanishing 
lines,  that  may  or  may  not  be  conformable.  The  composition  of  a  stratum 
is  not  uniform.  It  may  be  made  up  of  sand  in  one  place,  that  gradually 
changes  to  gravel  within  a  few  feet.  Here  and  there,  pockets  are  found, 
filled  with  clean,  unstratified  sand,  or  well-rounded  metamorphic  pebbles 
and  bowlders.  Occasional  blocks  of  water-worn  Niagara  limestone  occur, 
that  seem  to  increase  in  size  and  number  below  the  Decatur  county  line. 
By  infiltration  of  water  charged  with  carbonate  of  lime,  in  favorable  local- 
ities, the  thin  beds  of  polished  gravel  and  pebbles  are  cemented  into  a 
mass  of  conglomerate.  This  ridge  contains  enough  good  road  gravel  to 
macadamize  Rush  county.  Other  beds  of  upland  gravel  are  reported  as 
occuriug  east  of  Moscow,  but  were  not  examined ;  and  it  is  probable  that 
some  of  the  low  gravel  beds  on  the  east  side  of  the  county  are  similar  in 
origin  and  structure  to  that  described. 

Along  the  banks  of  the  principal  streams,  as  already  shown,  are  ter- 
races or  bottoms,  averaging  something  over  one-half  mile  in  width.  These 
terraces  are  the  direct  result  of  the  wash  or  scouring  action  of  the  river 
flow  that  has  removed  the  previous  deposit  of  yellow  clay. 

Borings  made  in  the  bottoms  pass  through  what  is  left  undisturbed  of 
the  original  Drift  series,  and  show  the  same  general  section  or  borings  on 
the  uplands,  minus  a  part  of  the  yellow  clay  bed.  In  other  places,  the 
erosive  action  has  been  carried  down  to  the  blue  clay,  and  sections  show 
a  partial  replacement  of  the  yellow  clay  by  gravel  or  coarse  sand.  The 
terrace  gravel  beds  are  usually  stratified,  but  not  always  so,  and  present 
the  same  alternating  strata  of  fine  and  coarse  materials,  with  increasing 
and  vanishing  layers,  as  the  upland  beds,  but  differ  from  the  latter  in 
having  the  strata  nearly  horizontal,  more  continuous,  and  showing  less 
evidence  of  having  been  acted  on  by  currents  coming  from  two  or  more 
directions.  The  stratified  terrace  beds,  when  unmixed  with  large  fiug- 
ments  of  Niagara  or  Comiferous  stone,  yield  good  road  gravel.  Fre- 
quently, however,  a  few  feet  away  from  the  channel  of  the  stream,  the 
gravel  does  not  show  stratification,  and  is  too  fine  for  macadamizing  pur- 
poses. Well-marked  second  terraces  were  not  observed  in  Rush  county, 
but  something  of  that  kind  shows  near  the  southern  boundary  line,  above 
the  confluence  of  Big  and  Little  Flat  Rock,  where  the  latter  stream  cuts 
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across  the  ancient  flood  plain.  These  terraces  arc  supposed  to  be  evi- 
dence of  a  greater  flow  of  water,  some  time  in  the  past,  together  with  a 
gradual  elevation  of  the  land  on  the  north,  that  gave  greater  velocity  to 
its  rivers  and,  hence,  more  power  to  scour  deep  channels. 

The  extension  of  the  yellow  clay  and  gravel  layers  over  the  summit  of 
the  divide  between  the  White  Water  and  White  River  valleys,  east  of 
Rushville,  and  much  above  the  level  at  which  the  equivalent  beds  are 
wanting  in  other  places  not  many  miles  distant,  is  suggestive  of  some 
curious  speculations  on  the  geology  of  Indiana.  If  the  yellow  clay  de- 
posit is  due  to  a  submergence,  it  seems  probable  that  these  high  lands 
must  have  been  relatively  lower  than  at  present.  Observations  bearing 
on  the  history  of  the  Cincinnati  arch  of  the  Lower  Silurian,  and  the  geo- 
logical period  or  epoch  in  which  its  western  border  was  uplifted  to  the 
present  level,  are  omitted  as  too  technical  for  presentation  here. 

Bowlders  are  scattered  throughout  the  mass  of  the  yellow  clay  and 
gravel  beds,  but  the  vast  majority  seem  to  lie  on  or  near  the  surfiice.  In 
size,  they  range  from  a  few  inches  to  two  or  three  feet  in  diameter.  In 
shape,  they  are  angular  and  very  seldom  show  a  worn  surface ;  especially 
is  this  true  of  the  isolated  specimens.  On  the  side  of  the  blufl*  bank,  be- 
low Moscow,  lies  much  the  largest  one  I  have  seen  in  Southeastern  Indiana ; 
it  will  probably  weigh  over  twenty-five  tons.  They  are  not  common  over 
the  whole  county,  but  are  principally  found  in  the  southeast  and  west 
parts,  and  .  seem  to  occur  as  the  continuation  of  a  line  of  bowlders  that 
reaches  south,  nearly  to  North  Vernon.  They  are  Archsean  rocks,  gen- 
erally of  the  gneissoid  variety. 


RECENT  PERIOD. 
SOIL  AND  ALLUVIUM. 

The  soil  of  Rush  county  is  almost  wholly  derived  from  the  Drift  de- 
posits. Scarcely  any  of  it  is  due  to  decomposition  of  the  country  stone 
found  in  situ ;  it  is  the  combined  result  of  the  Quaternary  Age  acted  on 
by  the  fertilizing  agency  of  animal  and  vegetable  life.  In  color,  it  ranges 
through  various  shades  from  black  to  pale  yellow ;  the  former  is  locally 
known  as  the  black  land,  and  the  latter  as  the  clay  land.  The  black 
loamy  soil  covers  the  greater  part  of  the  surface  of  the  county,  and  is 
general  over  the  central  and  western  parts.  The  great  body  of  the  black 
lands  were  formerly  wet  and  swampy,  and  the  dark  color  is  due  to  the 
humus  and  carbonaceous  matter  derived  from  the  decayed  vegetation  that 
grows  luxuriantly  over  its  surfiice.  The  yellow  clay  beds  form  the  sub- 
soil, except  in  the  terrace  bottoms,  where  the  clay  is  sometimes  replaced 
by  gravel  or  sand.  Outside  the  black  lands,  the  distinction  between  the 
top  and  subsoil  is  not  marked ;  the  pale  yellow  surface  clay  grows  brighter 


Digitized  by 


Google 


108  GEOLOGY  OF  RUSH  COUNTY. 

as  it  gradually  grows  deeper,  and  has  more  the  character  of  a  true  tena- 
cious clay.  Ihe  tenacity  of  the  subsoil  explains  why  all  the  lands  of  the 
county  are  improved  by  tiling.  A  happy  blending  of  calcareous  matter, 
sand  and  clay  in  the  subsoil,  renders  it  peculiarly  susceptible  to  the  aerat- 
ing influences  of  under-drainage.  Exposed  to  the  fertilizing  influences  of 
air  and  rain,  charged  with  carbonic  acid,  the  calcareous  matter  locked  up 
in  the  clay  and  fine  limestone  gravel  is  unloosed,  the  salts  of  potash  and 
soda  set  free,  organic  matter  taken  up,  and,  directly,  it  supports  a  vigorous 
growth  of  vegetation.  The  yellow  clay  subsoils  of  India^ia  universally  con- 
tain all  the  inorganic  and  a  large  per  cent,  of  the  organic  elements  of  fer- 
tility ;  those  of  Rush  county,  in  consequence  of  their  fine  state  of  division, 
readily  yield  their  elements  in  a  bountiful  harvest,  the  substantial  founda- 
tion of  all  wealth.  Practically,  they  are  inexhaustible;  they  may  deteri- 
orate under  continuous  cultivation  and  non-rotation  of  crops,  but  rest  soon 
restores  them  to  pristine  productiveness. 

ECONOMIC  GEOLOGY. 
AGRICULTURE. 

The  wealth  of  Rush  county  is  essentially  agricultural,  together  with  such 
commercial  relations  as  necessarily  grow,  out  of  the  wants  of  a  great  farm- 
ing community.  Originally  covered  with  a  dense  forest,  and,  in  places, 
wet,  the  husbandman  has  nobly  done  his  work  of  turning  an  unbroken 
wilderness  into  splendid  farms.  The  virgin  soil,  without  a  rival,  has  been 
constantly  growing  more  productive.  The  bountiful  gift  of  nature  has 
been  carefully  utilized,  until,  to-day,  instead  of  a  wild  waste,  the  eye 
wanders  over  well-inclosed  farms  of  growing  grain,  pasture  fields  dotted 
with  blooded  horses  and  cattle,  huge  barns  and  fine  residences.  A  me- 
mentos attention  directed  to  agricultural  statistics  and  land  drainage  will 
more  forcibly  and  eloquently  show,  than  mere  words,  what  has  been  done 
for  the  farming  interests  of  the  country. 

In  1882,  the  assessors  of  Rush  county  reported  446,000  rods  of  tiling 
against  442,000  rods  in  Shelby,  477,000  rods  in  Marion,  and  693,000  rods 
in  Decatur ;  giving  to  Rush  the  third  place  in  the  State  in  the  number  of 
rods  of  tile  put  down.  Before  a  people  can  expend  money  in  improve- 
ments they  must  first  produce  a  surplus.  That  surplus  is  easily  accounted 
for.  In  the  number  of  bushels  of  corn  produced  per  acre.  Rush  out- 
ranked any  other  county  in  the  State,  and  was  third  in  aggregate  jrield, 
with  2,223,414  bushels  grown  on  57,669  acres.  The  two  leading  com 
counties  were  Tippecanoe  and  Benton,  both  including  extensive  tracts  of 
Wabash  bottoms  within  their  limits.  With  55,070  acres  sown  in  wheat, 
producing  997,772  Bushels,  it  ranks  fifth  in  the  State,  and  is  led  by  Gib- 
son, Daviess,  Posey  and  Shelby  counties.     In  clover  lands,  it  had  20,369 
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acres  against  21,310  acres  in  Wabash  county.  No  more  direct  proof  could 
be  adduced  than  the  last  item,  of  the  attention  paid  to  the  rotation  of 
crops  and  keeping  the  land  up  to  ^ts  high  state  of  fertility.  In  1881, 
69,891  hogs  were  fatted  for  market,  which  is  nearly  thirty  per  cent,  more 
than  was  produced  in  any  other  county  in  Indiana.  The  number  of 
horses,  mules  and  cattle  owned  in  the  county  is  well  up  with  the  best. 
In  the  leading  farm  products  and  stock  raising.  Rush  is  found  at  the  head 
of  the  list.  A  very  few  counties  may  exceed  it  in  a  singte  farm  product ; 
but,  when  the  whole  list  is  taken  into  consideration,  it  stands  without  a 
rival.  The  nnnes  of  California  may  be  exhausted,  manufacturing  may  be 
overdone,  banks  may  break  and  securities  decline  in  value,  but,  with 
proper  care,  the  Rush  county  farmer  need  not  have  any  fears  for  the 
future.  The  peculiar  adaptability  of  its  soil  to  the  growth  of  any  of  the 
cereals  or  to  stock  raising  gives  a  variety  of  resources,  that,  in  ^11  humau 
probability,  render  a  total  failure  an  impossibility. 

The  general  remarks  of  Prof.  Collett  on  the  soils  of  Indiana  are  espe-    . 
cially  applicable  to  the  black  land,  clay  soil  and  yellow  clay  subsoil  of 
Rush  county.     A  heavy  forest  of  sugar  maples  and  walnut,  supported  by 
ex j)eri mental  evidence,  is  proof  of  its  calcareous  nature  and  adaptability 
to  the  growth  of  blue  grass. 

*•  The  surface  of  the  drift  was  left  nearly  level,  but  has  since  been  mod- 
ified by  fiuviatile  and  lacustral  agencies,  sorting  the  clays,  sands,  etc. ,  so 
as  to  form,  generally,  a  loose  calcareous  loam,  deeply  covering  the  gently 
undulating  wood  lands,  plains  and  valleys.  The  great  depth  of  the  Drift 
deposit  allows  it  to  act  as  a  gigantic  sponge,  absorbing  excess  of  moisture 
in  the  spring  or  winter,  until  the  long  sunny  days  of  summer,  thus  insur- 
ing against  any  prolonged  drouth,  and  constituting  a  superior  grazing 
district.  For  the  perfect  growth  of  grasses,  a  rich  soil  and  perennial 
moisture  is  required,  conditions  which  do  not  prevail  in  many  other  States. 
Indiana  is  the  native  home  of  **Blue  Grass,"  Poapratensis — the  glory  of  our 
rich  calcareous  soils — an  infallible  gold-finder.  It  forms  a  permanent  sward , 
thickening  with  age,  so  that,  within  ten  or  twenty  years,  the  sod  will  with- 
stand the  hoof  of  heavy  bullocks,  even  in  wet  weather.*  It  grows  slowly 
under  the  snow  of  a  cold  winter,  but  bursts  into  new  life  with  the  first 
genial  day  of  spring,  carpets  the  earth  with  productive  beauty  through 
the  summer,  and,  if  reserved  for  winter,  cattle,  horses,  sheep,  etc.,  may 
be  well  kept,  except  in  time  of  deep  snows,  on  this  food  alone."* 

** Among  the  blue  grass  trotters,"  America  over,  is  understood  to  mean 
more  than  the  accidental  relationship  of  the  queen  of  native  grasses  to 
the  fast  horse.  Muscle  is  necessary  to  the  thorough  development  of  the 
horse ;  **  blood  will  tell,"  and  the  blue  grass  wood  lands  tell  on  the  blood. 
The  elastic  sward,  over  which  the  high-steppers  range,  gives  ease  and  grace 

^'First  Annual  Report  of  the  Bareau  of  Statistics  and  Geology,  Indiana,  page  9. 
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to  his  proud  moyemente,  while  he  is  protected  from  the  blazing  sun  in 
'^pastures  green'Vthat  are  charmingly  undulating  and  invite  trials  of 
speed.  Everything  in  nature  and  the  loving  care  of  man  conspire  to  give 
life  and  strength  to  the  noble  animal.  The  Blue  Bull  and  Jim  Monroe 
farms  of  the  late  James  Wilson,  of  Noble  township,  attest  what  can  be 
done.  These  farms  have  turned  out  trotters  and  pacers  that  take  rank 
with  the  best  in  America.  The  Blue  Bull  strain  has  second  place  in  the 
trotting  list  for  horses  that  have  made  better  than  2:30 ;  and  Monroe 
Chief,  from  the  Monroe  farm,  has  a  trotting  record  of  2:16f. 

It  has  been  remarked  that  the  possession  of  a  fast  horse  Curiously  gives 
a  kind  of  vicarious  merit  to  his  proprietor ;  he  is  esteemed  as  something 
of  a  high  stepper  and  flyer,  and  as  likely  to  run  his  factory,  his  newspa- 
per, or  his  farm,  or  whatever  it  may  be,  a  little  better  than  other  people. 
It  is  the  best  advertising  medium  known.  And,  in  a  degree,  the  same  is 
true  of  the  breeders  of  all  kinds  of  pedigreed  stock.  Of  the  many  pro- 
prietors who  prove  the  truth  of  the  above  in  Rush  county,  that  are  en- 
gaged in  stock  raising,  and  especially  interested  in  producing  improved 
strains  of  horses,  cattle,  etc.,  only  a  few  can  be  mentioned  here.  Mr. 
Bichard  Wilson,  of  Rushville,  and  Mr.  Samp.  Wilson,  of  Noble  township, 
as  breeders  of  trotting  horses,  maintain  the  well-merited  reputation  of 
their  father.  Mr.  John  T.  McMillan  and  Mr.  Cal.  Bates  are  well  known 
owners  of  thoroughbred  Norman  horses.  Mr.  S.  Frazee,  of  Noble  town- 
ship, breeds,  and  exhibits  at  the  State  and  county  fairs,'  complete  herds 
of  full-blooded  short-horn  cattle.  Mr.  George  W.  Thomas,  of  Homer,  is 
another  breeder  of  short-horn  stock ;  and  Mr.  J.  H.  Beabout,  of  Rushville, 
of  Jergeys.  Mr.  Leonard  McDaniel,  of  Posey  township,  and  Geo.  W. 
Mauzy,  of  Union  township,  are  well-known  producers  of  full-blooded  Cots- 
wold,  South  Down,  Canada,  and  Merino  sheep  Of  course,  in  a  county  so 
largely  engaged  in  hog-raising,  especial  attention  is  paid  to  the  production 
of  all  the  leading  varieties. 

FRUIT. 

All  the  various  kinds  of  orchard  and  small  fruits  are  successfully  grown, 
but  not  so  extensively  as  in  some  of'the  adjoining  counties.  A  rich  sugar 
tree  soil  will  undoubtedly  produce  the  very  best  kind  of  orchard  products. 
Winter-killing  seems  to  be  the  great  draw-back.  With  care  in  selecting 
varieties  of  trees  that  are  known  to  be  hardy,  and  good  under-drainage, 
this  trouble  might  be  obviated.  Wheat,  com,  and  stockraising  chiefly 
occupy  the  attention  of  farmers,  but  some  fine  orchards  were  seen,  show- 
ing what  might  be  done  for  the  whole  county. 

LIME   AND   SAND. 

The  soft  magnesian  stone  found  at  the  base  of  the  Comiferous  group,  at 
Moscow  and  Milroy,  makes  a  lime  that  is  highly  prized  by  masons  and 
plasterers,  and  especially  by  the  latter,  on  account  of  its  working  easily 
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and  smoothly  under  the  trowel.  The  Moscow  stone,  having  a  considera- 
ble percentage  of  earthy  matter,  will  yield  a  **coor  lime  that  slacks  slowly ; 
while  that  produced  from  the  Milroy  stone,  on  account  of  its  more  crystal- 
line character,  will  rank  as  intermediate  between  a  **  cool"  and  **hot" 
lime.  Typical  *'hot"  lime  is  produced  from  the  hard  Niagara  stone.  It 
was  formerly  thought  that  the  dark,  rotten,  Comiferous  rock,  having  much 
the  appearance  of  a  decomposing  sandstone,  that  occurs  abundantly  on  the 
lianks  of  Fiat  Rock  and  its  tributaries,  was  utterly  worthless  for  making 
lime.  Experience  shows  that  the  darkest  stone  will  burn  perfectly  white, 
and  that  the  alumina,  or  earthy  matter,  mixed  with  it,  adds  greatly  to  its 
value  for  builders'  use.  The  equivalent  of  the  stone  under  discussion  is 
used  in  making  lime  at  Adams  and  Greensburg,  in  Decatur  county,  and 
at  Geneva,  in  Shelby  county.  The  case  with  which  the  Flat  IWck  stone 
can  be  quarried,  and  the  less  amount  of  fuel  required  to  reduce  it  than  the 
liunl  Niagara  stone,  are  questions  of  expense  that  indicate  that  the  business 
•might  be  mmle  to  pay  in  this  county. 

Sand  for  masi)nry  and  plastering,  of  the  best  quality,  is  common  in  the 
bars  and  Irnuks  of  the  rivers  and  creeks.  No  beds  of  bluif  sand,  free  from 
gravel,  were  seen. 

BRICK    AND   TILE   CLAY. 

Any  of  the  yellow  or  blue  clay  of  Rush  county,  when  free  from  gravel, 
ran  be  readily  moulded  and  burned  into  brick  or  tile.  Brick  buildings  are 
common  in  the  towns  and  country;  and  farmers  usually  make  what  they 
need  out  of  the  clay  found  on  the  farm.  Messrs.  Patten  and  Caldwell,  of 
Rushville,  have  a  steam  tile  factory  and  kiln,  with  a  capacity  to  turn  out 
from  18,000  to  20,000  tile  at  a  burn.  There  are  a  number  of  other  fac- 
tories of  less  note  in  the  county. 

GRAVEL. 

Road  gravel  is  found  in  the  terrace  bottoms  of  all  the  creeks,  but  not 
abundantly  on  the  smaller  streams.  In  Orange,  Anderson,  and  Noble 
townships,  upland  gravel  ridges  occasionally  occur  that  are  free  from  clay, 
but  the  main  supply  for  the  county  comes  from  the  banks  and  bars  of  Big 
Blue  and  Flat  Rock  Rivers. 

BOG   IRON   ORE. 

Bog  iron  ore,  in  considerable  quantity,  has  formed  on  the  borders  of  the 
marshy  tracts  of  land  five  miles  eaat  of  Rushville.  These  deposits  of  ore 
are  the  result  of  the  organic  acids,  derived  from  decomposing  plants,  acting 
on  the  salts  of  inm  that  occur  in  the  drift  clay,  thereby  rendering  them 
soluble.  By  exposure  to  the  air.oxidation  takes  place,  generally  at  the 
margin  of  the  marsh,  and  the  iron,  in  the  form  of  hydrated  peroxide,  is 
again  thrown  down.  Such  accumulations  are  not  infrequent,  and  some 
day  may  have  a  commercial  value.  -^  t 
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VEGETATION. 

In  1879  and  1880,  the  assessors  for  this  county  reported  more  gallons 
of  maple  syrup  made  than  were  reported  from  any  other  county  in  the 
State.  A  soil  that  supports  a  mighty  growth  of  sugar  maple,  Acer  mo- 
charinum,  will  abound  in  majestic  specimens  of  black  walnut,  Juglans  ni- 
gra; yellow  poplar,  Liriodendron  tvlipifera;  white  oak,  Quercus  alba;  white 
ash,  Fraxinu8, Americana;  shellbark  hickory,  Caryaalba;  dogwood,  Cor- 
nm  Florida;  red  bud,  Cerds  Canadenm;  iron  wood,  Carpinm  Americana; 
paw-paw,  Admina  irUoba^  etc.  Beech,  Fagxis  ferruginea;  burr  oak,  Quer- 
CHS  macrocarpa ;  elm,  Ulmus  Americana;  swamp  maple,  Acer  dysacarpum, 
etc. ,  are  the  most  common  varieties  of  timber  growing  on  the  wet,  black 
lands.  On  the  east  side  of  the  county,  huge  yellow  poplar  were  once  com- 
mon ;  and  one  cut  a  few  years  ago,  growing  in  Union  township,  is  said  to 
have  been  the  largest  reported  in  the  State.  The  great  body  of  the  prim- 
itive forest  has  been  removed  in  preparing  the  land  for  the  plow,  and  the* 
wood  lands  left  have  been  culled  of  their  best  trees.  A  casual  examina- 
tion of  a  Rushville  saw-mill  yard,  containing  over  three  hundred  logs, 
showed  only  beecH,  maple  and  elm. 

MINERAI.  SPRINGS. 

The  artesian  chalybeate  wells  of  West  Rushville  have  attracted  atten- 
tion for  years,  and  are  curious  examples  of  subterranean  streams  or  sheets 
of  mineral  water,  held  down  by  the  impervious  blue  clay.  The  wells  are 
dug  in  the  usual  manner,  or  dug  a  few  feet,  and  then  bored  through  the 
clay.  The  water  is  found  in  the  fine  gravel  or  white  sand  overlying  the 
bed  rock.  Pump  logs  were  placed  in  some  of  the  wells  and  tamped  with 
clay  until  the  water  was  forced  to  flow  through  the  log.  The  quantity  of 
water  discharged  was  never  great,  and  additional  wells  seemed  to  weaken 
the  flow  of  those  previously  dug,  indicating  that  the  water  probably  comes 
from  a  compact,  saturated  bed  of  sand  that  slowly  gives  up  its  super- 
abundant moisture.  Other  mineral  springs  of  note  are  found  in  the  vicin- 
ity of  Homer,  and  at  the  Soldiers*  Home,  south  of  Knightetown.  Small 
ferruginous  springs  are  rather  common  in  all  parts  of  the  county,  and,  so 
far  as  I  could  learn,  are  nearly  identical  in  composition.  Their  chemical 
nature  is  shown  by  the  brown  or  ochery  deposit  of  hydrous  peroxide  of 
iron  seen  near  the  spring.  Before  reaching  the  surface,  the  iron  is  held 
in  solution  as  a  ferrous  carbonate,  that  is  rapidly  changed  to  the  insoluble 
peroxide  by  oxidation  on  exposure  to  the  air ;  hence,  to  get  the  medicinal 
effects  of  the  water  it  should  be  used  fresh  from  the  spring.  It  will  be 
found  beneficial  in  all  diseases  where  a  mild  preparation  of  iron  is  indi- 
cated. 
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WATER  SUPPLY. 

There  is  a  wide-spread  belief  among  physicians  as  well  as  the  laity,  that 
sheets  of  water  ibund  in  or  confined  to  the  sand  or  gravel  beneath  the 
clay  are  continuous,  and  that  the  pollution  of  one  well  will  contaminate 
many.  That  there  is  some  truth  in  this,  I  am  free  to  admit,  but  not  to 
the  extent  generally  believed.  That  the  water  supply  of  the  city  of  Rush- 
ville  has  nothing  to  do  with  the  level  of  Flat  Rock  River  has  already 
been  shown.  The  varying  depth  of  wells  to  water,  and  failures  to  find 
water,  are  proof  that  the  water-bearing  sand  under  the  city  is  not  contin- 
uous, nor  on  a  common  level.  Two  wells  were  put  down  just  west  of 
Main  street  and  north  of  Ruth  street,  respectively  twelve  and  eighteen 
feet  to  water ;  and  two  others  near  by,  one  on  the  west  twenty-seven  feet 
deep,  and  the  other  on  the  east  thirty-seven  feet  deep,  and  no  water. 
Southeast  of  the  latter  well,  in  court-house  square,  water  was  fouiTd  at 
eighteen  feet.  Mr.  J.  G.  Parker's  well,  north  of  the  Cincinnati,  Hamil- 
ton &  Indianapolis  depot,  was  put  down  fifty-eight  feet,  no  water ;  an- 
other, near  the  point  where  the  Jefferson ville,  Madison  &  Indianapolis 
road  crosses  Main  street,  failed  to  find  water  at  eighty-seven  feet ;  while 
water  was  found  in  the  triangle  formed  by  the  Jefferson  ville,  Madison  <fe 
Indianapolis  Railroad,  Main  street,  and  the  Cincinnati,  Hamilton  &  In- 
dianapolis Railroad,  at  thirty-eight  feet.  These  differences  in  depth  are 
not  due  to  inequalities  of  the  sudace,  as  the  city  is  built  on  comparatively 
level  ground. 

Throughout  the  county,  potable  water  for  culinary  and  drinking  pur- 
poses is  almost  wholly  obtained  through  wells,  and,  as  might  be  expected, 
springs  rarely  occur  in  a  country  so  uniformly  level.  Wells  sunk  to  the 
gravel  or  sand  stratum,  under  the  blue  clay,  reach  an  abundant  supply  of 
water;  in  localities  where  the  day  rests  on  the  country  stone,  a  vein  has 
to  be  found  in  the  rock,  or  the  well  proves  a  failure — failures,  however, 
are  not  common.  Well  water  contains  more  or  less  mineral  matter,  even 
where  it  percolates  through  sandstone,  and  the  water  found  in  or  beneath 
the  calcareous  drift  deposits  is  universally  "  hard."  That  this  hardness  is 
not  wholly  due  to  calcic  and  magnesic  carbonates  is  shown  by  its  not  being 
rendered  **  soft  ^  by  boiling,  that  changes  the  bicarbonates  held  in  solution 
into  insoluble  carbonates,  with  consequent  precipitation.  The  hardness 
remaining  after  boiling  is  probably  due  to  calcic  sulphate.  Notwith- 
standing a  hard  water  does  not  answer  for  all  kinds  of  household  use,  it 
is  perfectly  healthftil,  sparkling  and  delicious. 

The  Rivers'  Pollution  Commissioners  of  England,  in  their  sixth  report, 
make  the  following  classification  of  water  in  respect  of  wholesomeness  and 
general  fitness  for  drinking  and  cooking:  Wholesome —  (1)  Spring  water; 
(2)  deep  well  water;  (3)  upland  surface  water.  SugpicUms — (1)  Stored 
rainwater ;  (2)  surface  water  from  cultivated  land.  Dcmgerous —  (1)  River 
water  to  which  sewage  gains  access ;  (2)  shallow  wells.  In  this  county 
8 — Geol.  -^  T 
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wholesomeDcss  and  safety  lie  in  the  use  of  water  from  deep  wells  that 
reach  the  glacial  sand  or  gravel  or  a  vein  deep  in  the  stone.  Some  facts 
have  come  to  my  attention  indicating  that  the  well  water  may  be  unwhole- 
some that  has  percolated  through  the  ancient  forest  bed  or  buried  muck 
and  carbonaceous  soil.  Especially  does  this  seem  to  be  true  where  the 
stratum  rests  on  the  native  stone,  and  the  water  supply  comes  from  it  or 
from  the  stone  just  beneath.  Organic  matter  in  water,  no  difference 
what  the  source  may  be,  supplies  the  conditions  necessary  for  the  develop 
ment  of  microzymes.  Every  source  of  organic  contamination  should  be 
rigidly  excluded  by  digging  deep,  and  protecting  the  mouth  of  the  well 
from  sur&ce  wash  or  soakage.  A  supply  of  soft  water  is  had  by  storing 
rain  and  snow  water  in  cisterns  that  are  easily  made  in  the  clay. 

♦  ABCH^X)LOGY. 

Burial  mounds  of  a  race  of  people  who  lived  prior  to  the  advent  of  the 
modern  Indians  not  infrequently  occur,  and,  so  far  as  reported,  are  most 
common  in  the  southern  part  of  the  county.  I  visited  the  site  of  a  large 
mound  on  the  farm  of  Mr.  Louis  J.  Offutt,  northeast  quarter  of  section 
21,  township  14,  range  9,  that,  in  the  early  settlement  of  the  country,  is 
said  to  have  been  one  hundred  and  six  feet  in  diameter  and  fifteen  feet 
high,  and  connected  with  a  smaller  mound,  on  the  northeast,  by  a  ditch. 
Fifty- three  years  ago,  the  large  mound  was  covered  with  a  heavy  growth 
of  beech  timber,  some  of  the  trees  measuring  eighteen  inches  in  diameter. 
Since  the  timber  has  been  cut  away  and  the  mound  plowed  into,  it  has 
been  nearly  leveled  with  the  ground.  A  few  years  ago  Mr.  Offutt  dug 
into  the  larger  one,  near  the  center,  and  found  parts  of  several  skeletons, 
copper  bands  encircling  the  bones  of  the  arm^,  wrists  and  ankles,  bone 
beads,  and  two  curiously  perforated  pieces  of  jawbone  with  a  single,  tusk- 
like tooth.  The  perforations  were  cut  through  the  bone  into  the  hollow 
of  the  tusk,  and  gave  it  somewhat  the  appearance  of  a  whistle,  but  its 
Ube  is  not  very  evident. 

Dr.  S.  H.  Riley,  of  Milroy,  ha«  assisted  in  opening  several  mounds  in 
the  county,  and  reports  that  they  all  contained  ashes,  charcoal,  and  red 
or  luimt  clay.  Relics  were  found  in  three  of  them.  In  one  (section  12, 
township  13,  range  9),  were  found  an  arrow  point,  copper  needle,  beads, 
and  block  of  mica  of  an  oval  shape,  seven  by  eleven  inches  in  diameter 
and  three-eighths  of  an  inch  thick.  Two  nearly  perfect  skeletons  and 
parts  of  a  third  were  found  in  another  (section  27,  township  12,  range  9), 
buried  with  the  heads  turned  toward  a  common  center ;  also  copper  and 
bone  beads.  Some  bones  and  copper  bracelets  were  found  in  the  third 
one  (section  12,  township  13,  range  9).  A  large  mound  in  section  27, 
township  12,  range  9,  about  ten  feet  high  and  forty  feet  in  diameter,  ha^ 
not  yet  been  explored.  From  the  fact  that  shells  peculiar  to  the  Atlantic 
ocean,  copper  from  the  shores  of  Lake  Superior,  and  mica  from  the  mines 
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of  South  Carolina  have  been  found  in  the  mounds  along  the  bonks  of 
Little  Flat  Eock  Creek,  it  is  presumed  that  the  commercial  relations  of 
their  builders  were  much  more  €:x tensive  than  their  limited  means  oi'  travel 
would  seem  to  indicate. 

THANKS- 
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and  especially  so  to  Mr.  George  C,  Clark >  of  Kushvitle,  for  information 
bearing  on  the  history  of  the  Drift  period,  etc,;  to  Me^firsi;.  Henry  Ormes 
&  Co.,  for  depth  of  wells^  etc,,  in  Rushville  and  viemity;  to  Dr.  Henry 
Charles,  of  Carthage ;  Mr.  J_  Morton  Clark,  of  Arlington,  and  to  Dr*  S. 
H.  Riley,  of  Milroy. 
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GEOLOGY  OF  JOHNSON  COUNTY. 


BY   DAVID  8.    m'CABLIN,    A.    M. 


JohiiaoD  county  lies  south  of  the  geographical  center  of  Indiana.  It  com- 
prisea  an  area  of  320  square  miles,  or  211,206  acres  of  land.  In  form  it 
is  a  true  parallelogram,  measuring,  from  east  to  west,  sixteen  miles,  and, 
from  north  to  south,  twenty  miles.  This  county  is  bounded,  on  the  north, 
by  Marion ;  on  the  east,  by  Shelby ;  on  the  south,  by  Bartholomew  and 
Brciwn,  and  on  the  west,  by  Morgan  county.  Franklin,  the  county  seat. 
Is  twenty  miles  south  of  Indianapolis. 

The  county  organization  waa  eifected  in  1822,  the  territory  previously 
having  been  a  part  of  the  extensive  tract  known  as  Delaware  county,  the 
original  purchase  from  the  Delaware  Indians,  which  was  effected  at  St. 
Mary's,  Ohio,  in  1818.  It  was  known  as  the  *'New  Purchase,"  and  in- 
eludefl  nearly  all  the  land  now  comprised  in  the  central  counties  of 
Indiana, 

Previous  to  1818,  the  influx  of  population  had  been  mainly  to  the 
southern  portion  of  Indiana  Territory.  The  organization  of  the  State  of 
Indiana,  in  1816,  was  followed  by  a  great  increase  of  population — from 
63,897,  in  1816,  to  147,178,  in  1820.  This  tide  of  immigration  flowed 
mpidly  into  this  newly  opened  territory,  coming  in  from  both  the  south 
and  tlie  east.  As  early  as  1817  pathways  had  been  made  through  the 
Ltul>rgken  forest — from  the  east,  it  was  known  as  '*  Whetzel's  trace,"  and 
fnnu  the  i^outh,  the  old  Indian  trail,  running  north  to  the  villages  on  the 
WnV^u^h,  was  the  highway  of  the  pioneers  of  Johnson  county.  The  path- 
way previously  trod  by  herds  of  buffalo  and  wild  red  men  became  the 
chosen  highway  of  commerce,  traveled  by  the  iron  horse  on  his  path 
of  Bteel.  Southern  and  eastern  people  were  thus  early  mingled  and 
united.  This  social  amalgam  has  produced  a  citizenship  of  more  than 
usual  excellence  and  stability.  Virginia,  North  Carolina,  Miissachusetts 
and  New  Jersey  are,  here,  all  blended  into  an  organic  structure  of  moral- 
ity and  culture  that  flowed  into  this  beautiful  region  through  those  hum- 
\t]e  avenues  of  civilization,  "  Whetael's  trace"  and  the  old  Indian  trail. 

Originally,  the  whole  <5ounty  was  an  unbroken  forest,  with  a  dense 
undergrowth,  much  of  it  regarded  as  worthless,  being  wet  and  swampy. 
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Other  portions  were  supposed  to  be  so  broken  as  to  prevent  successful  cul- 
tivation. Under  energetic  and  progressive  agriculture,  these  difficulties 
have  been  annihilated ;  every  marsh  has  been  made  a  marvel  of  fertility, 
and  every  hillside  a  mine  of  wealth. 

The  river  bottoms  and  the  higher  plateaus  are  unsurpassed  in  the  pro- 
duction of  corn  and  wheat.  The  clay  uplands  and  the  higher  ridges  of 
the  southern  part  afford  a  great  variety  of  timber  and  the  best  capacity 
for  fruit  production.  This  county  produced,  in  1880,  582,469  bushels  of 
wheat,  1,315,283  bushels  of  corn,  and  143,697  bushels  of  oats.  Great 
numbers  of  cattle,  horses,  hogs  and  sheep  are  raised.  These  statistics  are 
large,  as  might  be  expected  from  the  production  of  grain  and  grass. 
There  were  in  the  county,  in  1880,  horses,  8,760;  cattle,  11,670;  sheep, 
11,865.  In  other  lines  of  production,  the  figures  are  proportionately 
large,  making  very  favorable  comparison  with  any  other  county  in  the 
State,  in4icating  fertility  in  the  soil  and  intelligent  agriculture. 

Franklin,  the  flourishing  county  seat,  located  a  little  east  of  the  center 
of  the  county,  has  a  population  of  3,116,  according  to  the  census  of  1880. 
It  lies  on  level  land,  at  the  junction  of  Hurricane  and  Young's  Creeks. 
It  is  beautifully  laid  out,  with  well-paved  streets,  having  excellent  drain- 
age in  two  directions.  The  streets  are  shaded  with  majestic  maples,  two 
or  three  species  having  been  planted,  both  the  white  and  red  varieties. 
In  many  places  their  branches  meet  over  the  thoroughfares,  making  an 
arch  of  living  green.  The  homes  of  the  people  are  handsomely  and  sub- 
stantially built,  and  many  are  surrounded  with  beautiful  lawns.  The 
business  houses  and  public  buildings  are  commodious  and  convenient.  The 
court  house  is  an  elegant  structure,  occupying  a  square  in  the  central  part 
of  the  city.  The  city  school  building  is  large  and  well  arranged.  Sev- 
eral handsome  churches  adorn  the  city,  their  capacity  and  costliness  indi- 
cating the  Christian  character  of  the  citizens. 

Two  railroads  intersect  at  this  point — the  Jeffersonville,  Madison  &  In- 
dianapolis and  the  Cincinnati  &  Martinsville — ^giving  direct  commercial 
<x)ntact  with  the  great  centers  of  trade — Indianapolis,  Louisville  and  Cin- 
cinnati. The  Cincinnati  &  Martinsville  Railroad  does  a  very  large  freight 
business.  Passing,  as  it  does,  through  a  region  as  yet  without  good  roads, 
it  carries  to  market  the  produce  of  a  wide  extent  of  territory.  It  fur- 
nishes transportation  for  the  southwest  part  of  Johnson  county,  the  south- 
east of  Morgan,  and  is  nearly  the  only  railroad  accessible  to  Brown  county, 
as  yet  entirely  without  a  railroad.  Large  quantities  of  timber,  hoop- 
poles,  grain,  and  fruit  are  brought  to  Morgantown,  and  shipped  thence  by 
way  of  this  road. 

A  study  of  the  map  shows  the  fact  that  a  wide  region  of  very  produc- 
tive land  in  the  western  part  of  Johnson  county  is  without  a  railroad.  It 
has  had  many  promises,  but,  as  yet,  none  have  been  realized.  Should 
the  line  be  built  from  Indianapolis  to  Evansville,  as  recently  proposed,  it 
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will  pass  through  this  county,  and  be  of  immense  advantage  to  the  people 
and  of  untold  profit  to  the  railroad.  Such  a  railroad  is  one  of  the  urgent 
needs  of  both  Brown  and  Johnson  counties,  and  it  will,  doubtless,  be 
built  at  no  distant  day. 

Edinburg,  in  the  southeast  part  of  the  county,  is  located  in  the  sandy 
valley  of  Blue  River,  and  surrounded  by  a  magnificent  farming  country^ 
It  has  an  energetic,  enterprising  population  of  about  2,000. 

Other  towns  and  villages  of  importance  are  Greenwood,  Trafalgar^ 
Wheatland  and  Nineveh,  all  of  which  present  evidence  of  thrift  and  cul- 
ture among  its  citizens. 

The  population  of  the  county  in  1880  was  19,537,  being  a  little  more 
than  sixty-one  to  the  square  mile. 

TOPOGRAPHY. 

The  surface  features  of  Johnson  county  are  very  simple.  A  bird's-eye 
view  of  its  whole  extent  would  reveal  a  general  outline  as  follows : 

A  broad,  high  ridge,  beginning  in  the  northern  part  and  gradually 
growing  higher  as  it  extended  to  the  south,  would  be  observed  in  the  cen- 
tral part  of  the  county.  It  would  appear  to  be  a  sort  of  flattened  ridge, 
in  a  crescent  form,  with  the  convex  side  westward.  From  this  elevated 
center,  a  gentle  slope  would  be  observed  on  both  sides,  in  the  northern 
part  of  the  county;  but,  as  it  extended  towards  Brown  county,  the  slope 
would  appear  more  abrupt  and  precipitous.  On  the  eastern  side,  this  de- 
scent, in  places,  as  in  Nineveh  township,  would  be  quite  abrupt,  making 
the  boldly  escarped  hills  of  that  township.  On  the  western  side,  the  de- 
scent has  caused  the  streams  to  cut  deep  channels,  rendering  much  of  the 
land  very  broken.  To  the  east  and  south,  would  be  stretched  away,  as 
far  as  the  eye  could  reach,  a  broad  alluvial  plain,  covering  the  whole  area, 
of  Clark,  Needham  and  Blue  River  townships.  To  the  west  and  south, 
would  be  seen  the  bold  bluffs  of  White  iUver,  running  sheer  up  to  the 
eroded  channel  of  its  waters.  West  of  the  northern  extremity  of  this 
ridge,  would  be  seen  a  broad  valley,  extending  to  the  White  River, 
threaded  by  Honey  Creek  and  Pleasant  Run.  This  surfieice  outline  re- 
veals the  hydrography  of  the  county. 

The  ridge  is  the  watershed,*  and  upon  its  summit  all  the  streams  origi-^ 
nate.  The  flattened  ridge,  in  the  north,  forms  broad  plateaus  that  were 
originally  swamps,  but  now,  thanks  to  thorough  drainage,  they  are  so  no 
longer.  These  swamps  aro,  really,  the  highest  land  in  the  county,  and 
not  the  lowest,  thus  facilitating  their  reclamation.  Many  of  the  ditches 
made  to  drain  them  continue  to  cut  deeper  channels,  instead  of  filling  up. 
From  this  summit  region  the  streams  all  flow  either  southwest  or  south- 
east, emptying  into  Blue  River  or  White  River,  according  to  their  rela- 
tion to  the  ridge.     White  River  touches  the  county  on  the  northwest,. 
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cutting  off  about  1,000  acres,  and  Blue  Kiver  touches  the  southeast  cor- 
ner, cutting  off  about  1,400  acres.  It  will  be  seen,  thus,  that  the  whole, 
of  Johnson  county  is  a  watershed,  lying  between  these  two  rivers. 

The  streams  that  flow  down  its  slopes,  or  plunge  down  its  descents,  are 
numerous  and  beautiftil.  Sugar  Creek  is  the. main  stream  of  the  eastern 
«lope.  It  receives,  in  Needham  township,  through  Little  Sugar  Creek, 
nearly  the  whole  of  the  drainage  of  Clark  township.  Young's  Creek, 
with  its  tributaries,  Indian,  Moore's,  Burkhart's  and  Hurricane  Creeks, 
drain  the  concave  side  of  the  crescent  ridge.  Gathering,  thus,  the  whole 
volume  of  water  from  this  level  basin,  it  finally  empties  into  Sugar  Creek, 
near  Amity,  in  the  northwest  part  of  Blue  River  township.  From  the 
southern  and  highest  part  of  the  ridge,  Nineveh  Creek  sweeps  down  a 
narrow  ravine,  excavated  by  its  plowing  waters.  Its  channel  is  simply 
a  gorge,  with  high  and  precipitous  clay  banks.  On  the  western  side  of 
this  ridge  Indian  Creek  begins,-  with  its  various  tributaries.  .  These 
streams,  like  all  running  in  that  direction,  descend  to  the  valley  of  White 
River,  through  deep  channels,  not  all  of  them,  however,  of  recent  origin, 
for  some  of  them  have  evidently  adopted  the  channels  of  ancient  glacial 
streams. 

The  other  streams  are  Stotfs  Creek,  with  its  tributaries,  and  Crooked 
and  Coot's  Creeks.  These  last  streams  are  small;  and,  indeed,  none  on 
the  western  side  of  the  county  are  large  enough  to  afford  mill  power. 
Occupying,  as  they  d©,  rocky  gorges,  they  are  quite  dry  during  most  of 
the  yeart  Some,  at  points  where  there  are  springs  flowing,  make  a  rill, 
useful  only  as  a  supply  of  water  for  stock.  Sugar  Creek  is  the  only 
stream  of  the  county  that  furnishes  adequate  mill  power,  and  along  its 
banks  a  number  of  large  mills  have  been  erected. 

This  topographical  outline  puts  before  us  the  various  topographical  fea- 
tures of  this  county.  We  have  the  form,  and  are  now  ready  for  the  struc- 
ture and  constituents. 

Observations  throughout  the  county,  with  measurements  of  many 
widely  separated  exposures  and  outcrops,  give  the  following : 

CONNECTED  SECTION. 

QUATERNARY   AGE. 

Alluvium 00  ft.  to  40  ft. 

Loess 00  ft.  to  30  ft. 

Lacustral  silt 00  ft.  to  25  ft. 

Bowlder  drift 25  ft.  to  100  ft. 

Total 195  ft. 
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CARBONIFEROUS  AGE.. 

KNOB8TONE    GROUP  OR   EPOCH. 
Knob  ghales  and  sandstone • 25  ft  to  150  ft. 

DEVONIAN  AGE. 
HAMILTON    GROUP. 

Black  slate  (Genesee  shale) 00  ft.  to    30  ft. 

Grand  toUl : 375  ft. 

RECENT  GEOLOGY. 

It  being  the  fact  that  all  geological  formations  are  the  results  of  suc- 
cessive depositions  of  material,  the  lower  deposits,  if  undisturbed,  are  the 
older,  and  the  rocks  are  later,  successively,  until  we  reach  the  surface, 
where  the  latest  formations  are  found.  These  later  deposits,  as  seen  by 
the  section  given,  are  very  heavy  in  Johnson  county,  and  present  many 
features  of  interest. 

A!ll  these  deposits  of  recent  time  are  included  under  the  one  term.  Qua- 
ternary. They  are,  generally  speaking,  alluvial,  lacustral,  and  glacial. 
Of  these  three,  the  alluvial  is  latest,  and  its  material  is  gathered  from  all 
the  rest,  being  the  deposits  along  the  streams.  Sand,  clay,  and  or- 
ganic matter  are  mingled  together,  and,  as  distributed  through  the 
river  bottoms,  produce  soils  of  great  fertility.  Some  of  the  low,  level 
lands,  above  the  line  of  overflow,  are  covered  with  from  one  to  five  feet 
of  alluvium,  almost  entirely  of  vegetable  origin.  This  material,  mingled 
with  sand,  produces  the  black  loam  so  valuable  for  farming  purposes.  A 
great  portion  of  the  northern  and  eastern  part  of  the  county  is  covered 
with  this  soil.  The  lacustral  deposits  are  found  in  the  southern  and 
western  portions  of  the  county.  They,  generally,  date  from  the  latter  part 
of  the  Champlain  period,  an  era  of  surface  depression.  Bodies  of  fresh 
water  were  then  confined  in  shallow  basius,  over  a  great  part  of  Indiana, 
particularly  in  the  northern  and  southern  parts,  the  central  part  of  the 
State  seeming  to  be  a  sort  of  high  dividing  line  between  two  great  lake 
basins.  The  deposits  in  these  lakes  would  be,  usually,  a  fine  sediment, 
with  very  little  of  sand  and  gravel.  In  many  instances,  the  deposits  con- 
tain fresh-water  shells,  though  but  few  are  observed  in  the  lacustral  of 
Johnson  county. 

These  formations  present  three  varieties  in  Johnson  county.  The  ridges 
of  the  Bouthem  part,  in  Nineveh  and  Hensley  townships,  are  capped  with 
Loess,  a  yellow  or  bufif-colored  sediment.  It  has  much  siliceous  material, 
but  little  coarse  sand,  and  is  easily  removed  by  currents  of  water.  The 
hills  are  accordingly  cut  into  gullies  and  gorges,  with  abrupt  sides.     The 
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Talleys  in  many  places  are  filled  up  with  the  lacustral  from  the  hills.  The 
Loess  bed  extends,  in  a  wedge-shaped  tract,  almost  to  Tra&lgar.  In  the 
western  point  of  Hensley  and  Unioh  townships,  a  large  extent  of  light 
gray  soil  was  observed,  which  is  also  assigned  to  this  period.  Slight 
changes  were  observed  in  several  localities,  where  these  fine-grained  sedi- 
mentary deposits  are  replaced  by  silt,  a  sandy  deposit  made  by  slowly 
moving  currents  of  shallow  water.  These  lacustral  deposits  are  simply 
fragments  of  a  great  area  of  Loess  that  covered  several  counties  of  Indiana, 
thus  cut  up  into  isolated  areas,  in  later  transformations  of  suffiEU^,  by 
^jrosion  and  denudaticm.  The  ancient  lake  bed  is  thus  the  level  of  the 
highest  ridges,  and  the  soil  that  caps  them  the  sedimentary  deposit  of  its 
quiet  waters.  Underneath  these  alluvial  and  lacustral  beds,  throughout 
the  county,  is  found  the  glacial  Drift.  It  is  either  obscurely  unstratified 
or  modified,  and  in  one  form  or  the  other,  or  both,  it  covers  the  rocky 
substratum  of  the  whole  county.  The  alluvial  of  Sugar  Creek  valley  rests 
upon  modified  drift.  But  the  lacustral  deposits  of  the  high  southern  ridge 
as  far  as  observed,  lie  above  deposits  of  undisturbed  Drift,  the  latter  being, 
in  general,  compact  blue  clays  filled  with  angular,  fragmental  rocks.  This 
formation  is  evidently  the  foundation  of  the  primeval  glacial  deposits. 

This  glacial  Drift  varies  greatly  in  thickness,  ranging  from  only  a  few 
feet  to  over  a  hundred,  wells  that  deep  not  having  reached  its  base.  The 
probability  is  that  its  thickness  over  this  region,  was  quite  uniform,  and 
that  what  remains  in  place  is  tl^e  undisturbed  portion  of  a  great  mass  of 
Drift  material.  As  far  as  seen,  this  part  of  the  Drift,  throughout  the 
county,  was  quite  uniform.  The  variations  of  the  surface  are  very 
marked,  being  lacustral,  fluviatile,  or  alluvial,  but  the  identity  of  this 
blue  clay  that  superimposes  the  sandstone  is  clearly  apparent.  Dig  where 
you  will  on  the  great  central  ridge  of  the  county,  this  blue  clay  will  be 
found  at  varying  depths.  It,  like  the  others,  gets  its  name  from  its  origin. 
The  alluvial  is  formed  by  the  wash  and  overflow  of  streams ;  the  lacustral 
by  the  slow  accumulation  of  sediment  in  quiet  waters ;  the  glacial  Drifts 
were  fi>rmed  by  the  action  of  great  masses  of  moving  ice. 

The  dynamics  of  this  period  need  only  an  elemental  discussion  for  the 
benefit  of  readers  unlearned  in  geological  science.  All  the  phenomena  of 
this  period  have  not  yet  been  fully  explained,  but  the  fact  as  to  the  prev- 
alence of  an  era  of  glaciation  is  an  integral  part  of  accepted  science.  It 
is  the  only  theory  explaining  a  multitude  of  problems  in  physical  geog- 
raphy. It  answers  the  questions  as  to  the  presence  of  the  bowlders,  and 
explains  the  discovery  of  buried  timber  at  the  bottom  of  deep  wells  and 
a  variety  of  inquiries  originating  in  the  mind  of  every  observer. 

Wide  investigation  has  revealed  the  fact  that  the  glacial  Drift  does  not 
extend  far,  on  an  average,  below  the  39th  parallel.  In  Indiana,  the  Drift 
scarcely  reaches  to  the  Ohio  River,  some  of  the  southern  counties  having 
little  or  none.     In  many  other  localities,  deep  grooves  or  striations  are 
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seen  upon  the  stratified  rocks,  and  many  of  the  bowlders  are  scratched  or 
grooved,  as  are  some  observed  in  Johnson  county.  Moving  ice  alone 
cx)uld  leave  such  a  record. 

The  facts  observed  show  that  this  moving  mass  was  a  mighty  glacier,, 
covering  vasf  areas  of  the  northern  latitudes.  As  it  accumulated,  it 
moved  southward,  thus  passing,  gradually,  into  lower  and  warmer  lati- 
tudes. In  its  progress  over  the  rocky  formations  of  the  north,  it  displaced ^ 
by^  its  weight  and  motion,  vast  quantities  of  material.  These  substances,, 
in  the  form  of  sand,  gravel,  and  bowlders,  were  carried  along  in  its  icy 
^inbrace,'  to  be  released  in  other  latitudes  by  the  dissolution  of  the  glacier. 
The  broken  fragments  of  metamorphie  rocks  of  the  north  would  lodge  in 
the  soil,  and  remain  as  bowlders  of  granite  and  feldspar  that  are  so  la- 
miliar  to  all,  yet  so  mysterious  in  their  origin.  The  material  eroded,  by 
the  glacier,  from  sandstone  and  limestone  formations  constitutes  a  large 
proportion  of  the  soil,  being  pulverized  and  distributed  by  the  waters  of 
the  melting  glacier.  The  local  details  of  the  Drift  in  Johnson  county  fur- 
nish a  good  exposition  of  glacial  phenomena.  The  primeval  glacier  ex- 
tended over  the  whole  of  Johnson  county,  there  being  evidence  that  it 
covered  the  whole  of  Brown  county,  save  the  summit  of  **  Weed-patch 
Hill,"  the  northern  ridge  of  Brown  county  became  a  gieat  barrier  in  the 
pathway  of  the  glacier.  The  first  advance  of  the  ice  may  have  easily 
surmounted  the  obstacle,  passing  on  and  over,  with  resistless  depth  and 
power,  the  whole  region  becoming  a  glistening  expanse  of  icy  solitude. 
Bye-and-bye,  an  epoch  of  spring-time  followed  this  era  of  wintry  cold.^ 
The  changed  climate  came  on  slowly.  The  melting  ice  causes  the  gradual 
recession  of  the  glacier.  Its  dissolution  sets  new  agencies  into  operation. 
Torrents  of  water  begin  the  re-assortment  of  the  drift.  As  the  glacier 
withdrew,  its  detritus  of  bowlders,  sand,  and  clay  is  subjected  to  the  ac- 
tion of  these  fluviatile  floods.  The  original  deposit  of  the  glacier  is  un- 
stratified  bowlder  drift;  the  foundation  is  of  blue  clay  or  hardpan  that 
underlies  the  surface  deposits. 

The  glacier  did  not  recede  uniformly.  Its  progress  backward  was 
varied  with  periodical  advances.  Nor  was  its  retreat  equal  in  every  lati- 
tude. Surface  elevation  and  the  nature  of  the  underlying  formations 
would  aflfect  the  dissolution  of  the  ice  mass.  Tongues  of  the  glacial  ice 
would  extend  southward.  Along  elevated  ridges,  waters,  rushing  down, 
would  conspire  in  the  construction  of  deep,  broad  channels  where  the  ex- 
cavation was  the  easiest.  That  would  be  the  locality  where  the  surface 
was  lowest  and  the  underlying  formations  most  susceptible  of  erosion. 

This  was  the  process  of  glacial  action  in  Johnson  county.  The  great 
central  ridge  of  the  county  was  covered  with  ice  after  it  had  wholly  dis- 
appeared in  the  eastern  side  of  the  county.  Indeed,  it  appears,  from 
conditions  observed,  that  the  whole  valley  of  Sugar  Creek  was  a  portion 
of  what  is  now  definitely  known  to  science  as  **  CoUett's  Glacial  River. '^ 
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Through  this  region,  comprising  three  townships,  there  is  evidence  of  deep 
erosion.  There  is  no  outcrop  of  the  sub-stratum,  save  one  exposure  of 
the  black  shale.  The  deposits  are  all  fluviatile,  modified  bowlder  drift, 
either  as  a  pebbly  clay,  with  pockets  of  sand,  or  large  and  wide-spread 
deposits  of  obliquely  stratified  sand  and  gravel.  Throughout  this  region, 
large  bowlders  are  rarely  found.  The  western  shore  of  this  ancient  chan- 
nel is  well  defined.  In  the  southern  part  of  the  county  are  boldly  out- 
lined hills  of  the  Knobstone  formation.  Some  of  them  are  plainly  ter- 
raced, as  particularly  one  on  **  Montrose  farm,"  in  section  34,  Nineveh 
township.  From  the  top  of  this  hill  there  is  a  magnificent  view  of  this 
ancient  valley.  Its  eastern  shore,  the  highest  lands  in  Shelby  county, 
stands  out  in  distant  outlines.  This  hill  is  one  hundred  and  forty  feet 
above  the  valley  at  its  base  and  two  hundred  and  seven  feet  above  Ed- 
inburg,  six  miles  to  the  east,  and  located  on  the  alluvial  and  fluviatile  de- 
posits in  the  bed  of  this  ancient  river.  In  the  northeastern  part  of  the 
<»unty,  this  outline  is  not  less  distinctly,  though  not  so  abruptly  and 
grandly,  defined.  On  the  map,  it  coincides  almost  exactly  with  the  course 
of  Hurricane  Creek.  Observation  revealed  the  striking  fact  that  this 
stream,  with  an  almost  due  south  course,  followed  the. eastern  limit  of  the 
modified  bowlder  drift.  This  is  seen  in  the  fact  that  the  western  bluff  of 
the  stream  is  the  higher  for  a  distance  of  seven  miles,  and  that  this  higher 
bluff,  throughout  this  whole  extent,  is  fiill  of  bowlders,  while  none  were 
observed  on  the  eastern  side.  West  of  Hurricane,  the  bowlder  clays  are 
thick  and  undisturbed ;  but  on  the  east,  the  soil  is  sandy  and  loamy,  with 
local  gravel  deposits,  just  as  observed  elsewhere  throughout  this  ancient 
valley.  This  shore  line,  beginning  thus  in  the  northern  part  of  this 
county,  continues,  with  this  general  southern  course,  to  the  southern  part 
of  the  State. 

Prof.  John  L.  Campbell  has  conjectured  that  at  the  time  of  greatest 
flow  in  this  channel,  the  southern  terminus  of  the  glacier  was  not  far 
south  of  Indianapolis.  There  is  evidence  of  this,  not  only  in  the  fact  that 
the  western  shore  disappears  in  this  region,  but  that  the  criescent-like 
ridge  of  this  county  sweeps  around  to  the  east  with  a  sharp  curve,  out- 
lining, to  the  observer,  a  mighty  mass  of  drift  material  that  is  a  notable 
feature  in  the  northern  part  of  Pleasant  and  Clark  townships.  It  extends 
from  Greenwood,  eastward,  with  its  axial  line  running  a  little  south  of 
cast.  It  is  a  ridge,  well  marked  by  the  hundreds  of  bowlders  that  are 
strewn  along  its  surface.  Near  Greenwood,  the  railroad  crosses  this  ridge 
at  an  elevation  of  840  feet  above  the  sea,  this  being  the  highest  point  on 
the  railroad  between  Indianapolis  and  Louisville.  The  eastern  terminus 
of  this  ridge  is  in  section  4,  Clark  township,  at  which  it  is  rounded  by 
Leadierwood  Creek.  Throughout  its  course,  no  deposits  of  gravel  were 
seen.  The  bowlders  are  everywhere  thickly  studded  in  a  solid  matrix  of 
<;lay.     Near  Rocklane,  a  multitude  of  unusually  large  ones  were  seen, 
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Bometimes  hundreds  of  them  in  an  area  of  a  few  acres,  many  of  them  ten 
to  fifteen  feet  in  length  and  weighing  many  tons.  On  the  farm  of  Mr. 
W.  F.  Kimuck,  in  section  36,  Clark  township,  one  was  measured,  show- 
ing the  following  dimensions:  Length  over  top,  18  feet,  1  inch;  circum- 
ference 41  feet,  10  inches;  height  above  ground,  5  feet  Near  this  mon- 
ster were  a  number  of  immense  proportions. 

It  was  noticeable  that  there  was  a  striking  similarity  in  the  bowlders  of 
this  ridge.  They  were  mainly  a  coarse,  gray  granite,  appearing  as  though 
they  came  from  the  same  locality,  as,  doubtless,  they  did.  The  reason  of 
their  exposure  so  numerously  upon  the  surface  is,  probably,  that  the  ridge, 
being  much  more  elevated  originally,  has  been  lowered  by  the  washing 
down  of  its  clays,  thus  exposing  its  buried  bowlders  and  leaving  them 
thickly  strewn  upon  its  flattened  surface.  Bowlders  are  thus  a  measure, 
oftentimes,  of  erosion. 

There  are  a  number  of  localities  where  a  heavy  removal  of  clay  is  re- 
vealed by  the  abundance  of  bowlders  exposed,  notably  in  Nineveh  town- 
ship, section  16.  The  whole  mass  of  undisturbed  bowlder  clays  of  the 
central  part  of  this  county  are  more  or  less  filled  with  these  massive,  er- 
ratic rocks. 

Most  of  them  are  granitic.  Occasi<mally  a  feldspathic  or  schistose 
bowlder  is  seen.  A  few  large  fragments  of  limestone,  usually  filled  with 
Devonian  fossils,  were  noted ;  one  weighing  several  thousand  pounds  was 
seen  in  a  deep  ravine,  near  Barnes'  Creek,  in  Hensley  township,  section 
17.  The«e  massive  erratics,  thus  strewn  throughout  this  whole  region ^ 
suggest  the  extent  of  the  glacier.  The  whole  region  was  covered  with  ice, 
by  which  alone  these  bowlders  could  have  been  transported. 

Originally,  the  drift  was  deeply  deposited  on  the  eastern  side  of  the 
county,  also;  but,  there,  it  has  been  subjected  to  complete  modification 
and  erosion.  That  this  re-assortment  should  take  place  there,  and  not  in 
the  central  part  of  the  county,  is  explained  by  the  fact  that  the  elevated 
regions  held  their  ice-coverings  the  longest ;  that  while  the  receding  gla- 
cier's volume  of  water  was  deepening  its  channel  northward,  defining  the 
course  of  the  great  glacial  river,  this  ice-foot  extended  across  Johnson 
county  to  the  higher  lands  of  Brown  county,  thus  preventing  the  deep 
erosion  that  would  have  re-assorted  the  glacial  drift,  had  it  not  been  thus 
protected.  But,  in  process  of  time,  the  whole  mass  melted,  and  there 
came  volumes  of  water,  overflowing  everything,  silting  up  portions  of  the 
old  channels,  and  re-covering  large  areas  of  the  glacial  deposits,  with  sorted 
sands,  clays  and  gravel.  These  floods  moved  with  rapid  and  resistless 
current.  They  cut  deep  sluiceways  through  the  clay  barriers,  casting  up, 
in  various  places,  heavy  bars  of  sand,  gravel,  clays  and  bowlders.  These 
channels  may  be  traced  by  the  deposits  of  gravel  in  many  places,  notably 
in  a  series  of  sluiceways  having  a  general  southwestern  direction,  found 
mainly  in  the  southern  part  of  the  county.      One  is  observed  passing: 
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through  the  eouthwestem  part  of  FraDkUn  township,  and  connecting  in 
Union  township  with  the  channel  in  which  Stott's  Creek  now  flows. 
Along  the  line  of  the  Franklin  and  the  Trafalgar  'gravel  road,  it  is  well 
defiDed,  being  a  broad,  deep  channel»D0W  obstructed  with  alluvium,  and 
only  occupied  by  a  rill  wholly  unequal  to  the  task  of  its  excavation. 
Another  similar  depression  passes  near  Trafalgar,  showing  an  analagou^  re- 
lation to  Indian  Creek. 

Proof  that  large  volumes  of  water,  at  one  time,  flowed  through  these 
passage-ways  of  this  glacial  ridge,  iH  found  in  the  fact  that,  in  the  deep 
channels  of  the  creeks  in  Hensley  township,  de))08its  of  gravel  are  found. 
In  many  places  they  occupy  positions  with  reference  to  the  clay  and  sand- 
stone that  show  the  direction  of  flow  as  being  from  the  northeast.  Two 
beds  of  gravel  on  Barnes*  Creek  were  examined,  having  the  usual  oblique 
and  alternating  stratification  of  such  fluviatile  deposits.  Both  were  on 
the  west  bank  of  the  valley,  the  one  in  section  17  facing  a  bluff*  with  an 
exposure  of  sandstone  capped  by  about  30  feet  of  clay.  The  current  that 
cast  up  this  sand  bank  came  down  this  valley  from  the  northeast.  Similar 
conditions  were  observed  in  other  valleys,  many  of  the  low  points  in  these 
deep  gorges  being  simply  deposits  of  the  post-glacial  streams. 

Where  the  region  to  the  northeast  of  this  central  ridge  is  examined,  it 
reveals  the  fiwjt  that  these  fluviatile  waters  wrought  wonders  in  re-assort- 
ing the  drift.  North  and  east  and  south  of  Franklin,  extensive  deposits 
of  sand  and  gravel  exist.  In  their  arrangement  there  is  a  general  trend 
to  the  southwest.  The  sand  ridge  beginning  at  Franklin  runs  southwest, 
without  interception,  for  several  miles,  where  it  is  intersected  by  a  small 
stream,  but  it  appears  again  in  the  west,  in  sections  29  and*30,  Franklin 
township.  The  sand  and  gravel  at  Mount  ^Pleasant  Church  is  a  continu- 
ation of  the  ridge  south  of  Franklin. 

Another  conspicuous  deposit  of  sand  and  gravel,  and  probably  the 
most  remarkable,  is  the  **I)onnell  Mound,"  section  8,  Franklin  township. 
It  is  an  illustration  of  the  effect  of  fluviatile  waters,  and  it  shows  well 
their  southwestern  course.  The  northeast  side  of  this  mound  is  abrupt; 
and  the  southwest  side,  sloping  gently  toward  Young's  Creek,  presents  a 
talus,  showing  the  direction  of  the  current.  The  sand  and  gravel  at 
Hopewell  and  vicinity  is  all  of  the  same  origin.  The  "Donnell  Mound" 
presents  a  section  of  alternate  layers  of  sand  and  clay  and  gravel,  show- 
ing well  the  "flow  and  plunge"  structure.  The  mound  is  about  ninety 
feet  above  the  bed  of  Young's  Creek.  From  its  rounded  summit  there  is 
an  interesting  view  of  a  region  of  wondrous  fertility  and  beauty.  While 
these  floods  were  re-assorting  portions  of  the  glacial  drift  in  the  cen- 
tral part  of  the  county,  the  (eastern  parts  were  wholly  submerged. 
Clark  township  was  a  broad  flood-plain,  and  in  Sugar  Creek  valley  the 
waters  had  more  current;  hence  the  casting  up  of  the  great  sand  deposits, 
characteristic  of  this  region.    The  elevated  portions  of  Needham  town- 
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ebip,  notably  on  the  land  of  L.  Waggoner,  in  section  18,  and  of  W. 
Duckworth,  in  section  15,  are  excellent  examples  of  these  fluviatile  de- 
posits,    TUey  overlie  large  areas  in  Blue  River  township. 

Ait  of  these  deposits  bear  a  marked  resemblance  throughout  the  coun- 
ty, and  all  are  contemporaneous  in  origin. 

The  only  departure  from  this  rule,  that  was  observed,  was  a  gravel  de- 
posit in  section  20,  Henslej  township.  This  formation  is  apparently 
near  ihc  bise  of  the  glacial  drift,  being  overlaid  by  from  thirty  to  forty  feet 
of  bowlder  clay  and  Loess  deposits.  From  observation,  this  bed  of  gravel 
is  pre^nt  through  quite  an  area  of  drift,  and  is  not  a  mere  pocket  of  sand 
and  gmvc'lf  as  such  deposits  usually  are  in  unstratified  drifts.  The  for- 
mation is,  on  an  average,  about  ten  feet  thick,  and,  as  far  as  seen,  shows 
a  regular,  horizontal  stratification.  The  alternating  layers  of  fine  sand 
and  gravel  are  from  six  to  ten  inches  thick,  and  all  are  charged  with  vari- 
ous mineral  solutions,  that  give  the  whole  deposit  a  variegated  appear- 
ance. Tlie  bands  are  reddish-brown,  ash-gray,  blue,  and  yellow,  features 
of  chemJLJil  discoloration  not  seen  in  any  gravel  deposits  elsewhere  in  the 
county.  In  many,  the  ordinary  coloring  of  red  oxide  of  iron  was 
seen,  but  nothing  with  these  features  of  color  and  stratification.  This  de- 
jx^sit,  probably,  antedates  the  general  fluviatile  modifications  of  the  drift, 
and  wii^  iortned  at  the  first  advance  of  the  glacier,  under  the  action  of 
waters  attending  its  periodic  advance  and  retreat,  and,  as  thus  deposited, 
finally  deeply  covered  with  drift,  when  Ihe  glacier  reached  its  culmina- 
tion. Tht*  contrast  of  condition  between  this  gravel  bed  and  the  one  on 
Barnos'  C'rcek,  just  one  mile  west,  is  very  striking.  The  one  lies  above 
the  drift,  with  oblique  stratifications;  and  the  other  below  it,  with  regular 
layers.  The  covering  of  the  gravel-  pit  on  Barnes*  Creek,  is  black  alluvi- 
nm  ;  of  til  18  one,  the  covering  is  of  the  most  compact  clay,  so  hard  and 
firm  thnt  it  could  only  be  removed  by  blasting.  The  relative  antiquity 
lit  the'^e  t^vo  adjacent  deposits  is  thus  suggested.  An  epoch  of  geological 
history  probably  intervenes  them. 

Along  the  blufis  of  White  River,  the  peculiar  phenomena  of  the  glacial 
and  jK>8t'^flacial  periods  are  observed.  On  this  side  of  the  central  ridge 
«f  the  cxninty,  the  fluviatile  floods  apparently  had  not  the  advantage  of 
long  continued  erosion.  Instead  of  filling  up  a  wide  valley,  already  ex- 
cavated, the  great  flood  performed  the  Herculean  task  of  cutting  a  chan- 
nel throu^'h  the  sandstone  ridge  that  extended,  in  bold  outlines,  across  its 
course.  This  fluviatile  erosion  of  the  ancient  valley  of  White  Kiver  is 
til  us  seen  to  be  a  later  event  in  geologic  history  than  the  formation  of  the 
**Collett  Glacial  Kiver,"  which  was  the  product  of  glacial  action  previ- 
ously. Tbis  sandstone  formation  was  pr6bably  capped  with  a  heavy  drift 
dep<.isit.  Through  this  barrier  the  water  found  its  way,  having,  as  the 
shore  of  its  channel,  the  bold  blufls  of  White  River  at  Waverly  and  Far 
West.     The  bluffi  mark  the  eastern  limit  of  the  Knobstone  formation. 
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Instead  of  following  the  outline  of  the  outcrop,  ad  in  "CoUett  Glacial 
River"  valley,  the  waters  are  compelled  to  cut  directly  across  the  barrier, 
because  of  the  ridge  on  the  east  North  of  Smith's  valley  there 
is  a  broad  level  plain,  covered  deeply  with  alluvium.  Parallel  with  the 
present  channel  of  White  River,  there  are,  in  many  places,  detached 
ridges  of  sand  and  gravel,  the  axial  lines  of  which  lie  northeast  and  south- 
west, coincident  with  the  course  of  the  ancient  river.  Some  of  these  sapd 
deposits  are  very  thick.  In  several  places  they  are  piled  directly  upon 
the  sandstone,  all  the  clay  having  been  removed.  The  sand  and  gravel 
gradually  disappear  as  we  go  east  from  Far  West,  showing  that  these  de- 
posits were  limited  to  that  ancient  channel.  The  high  lands  of  section  9, 
1 6,  etc. ,  of  White  River  township,  are  the  eastern  shore  of  glacial  drift, 
of  superimposing  sandstone  strata.  From  the  county  line,  one  mile  south 
of  Far  West,  this  elevation  affords  a  magnificent  view  of  the  ancient 
valley,  now  threaded  by  the  comparatively  diminutive  and  meandering 
channel  of  White  River.  Observation  and  inquiry  in  various  parts  of  the 
county  reveal  the  fact  that  buried  timber  and  leaves  are  frequently  found, 
under  such  conditions  as  to  position  and  distribution  as  to  indicate  a  glacial 
and  not  **forest^bed''  origin.  The  wood  was  apparently  that  of  cone- 
bearing  species,  and  found  usually  imbedded,  at  irregular  depths,  in  clays. 
In  section  21 ,  Franklin  township,  at  the  bottom  of  a  well  twenty  feet  deep, 
leaves  and  twigs  were  found  in  the  clay ;  and  in  section  20,  three-fourths 
of  a  mile  west,  fragments  of  wood  were  taken  out  thirty-five  feet  below 
the  surftice.  These  remains  all  seem  to  be  isolated  and  fragmentary — not 
a  portion  of  a  buried  forest,  but  particles  of  wood  and  debris,  dislodged 
and  ground  up  by  the  moving  glacier,  and  deposited  finally  with  its 
detritus. 

In  section  12,  of  Hensley  township,  just  south  of  Trafiilgar,  on  the  farm 
of  J.  J.  Moore,  is  a  formation  of  tufa  that  is  quite  extensive  and  interest- 
ing. There  is  above  it  a  deposit  of  gravel,  much  of  it  cemented  firmly 
together;  beneath  it  lies  a  mass  of  calcareous  tufa,  or  **  honey-comb  lime- 
stone." It  contained  perfectly  preserved  outlines  of  sticks,  grass,  moss, 
and  leaves.  The  formation  is  produced  by  the  filtration  of  water  through 
the  soil,  which  is  highly  charged  with  mineral  ingredients,  in  this  in- 
stance particularly,  calcareous  matter.  The  water  becoming  thus  charged 
with  lime,  deposits  a  thin  layer  upon  any  object  that  it  may  cover ;  hence, 
the  leaves  and  moss  lying  where  such  waters  issue  will,  sooner  or  later, 
have  their  material  re-placed  with  carbonate  of  lime,  and,  so,  perfect  casts 
are  preserved  and  these  curious  formations  are  produced.  For  this  reason 
these  tufiu;eous  deposits  are  usually  observed  in  the  vicinity  of  springs. 

PALEOZOIC  GEOLOGY. 

The  substrata  of  Johnson  county  comprise  two  different  formations — one 
of  the  Carboniferous  Age  and  the  other  Devonian.     The  Subcarboniferous 
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period  is  represented  hj  the  Koobstone  group  or  epoch,  that  underlies  the 
drift  throughout  the  western  portion  of  the  county.  The  Devonian  is  rep- 
resented by  the  black  shale  of  the  Hamilton  period,  which  is  seen  at  a 
single  exposure  in  Blue  River  township,  but,  probably,  underlies  the  drift 
throughout  the  eastern  third  of  the  county. 
The  first  for  consideration,  in  the  order  of  investigation,  will  be  the 

KNOB8TONE  GROUP  OR   EPOCH. 

As  previously  intimated,  this  formation  underlies  the  glacial  drift  in 
the  western  portion  of  the  county.  As  traced  by  outcrop,  it  enters  the 
southern  line  of  the  county  in  the  southeast  quarter  of  section  34,  where 
it  appears  in  force,  forming  the  precipitous  slopes  of  WoodrufTs  Hill,  near 
Nineveh.  From  this  point  it  extends  northwest  in  a  waving  line,  having 
a  heavy  outcrop  in  section  10,  Nineveh  township,  at  Pritchard's  Hill; 
thence,  northwest  through  sections  4  and  5,  Nineveh  township,  and  section 
^1,  Franklin  township.  In  all  the  deep  channels  of  the  streams  in  Hens- 
ley,  Union  and  White  River  townships,  there  are  uniformily  exposures  of 
strata  of  this  formation.  Generally,  the  exposures  are  continuous  to  the 
very  source  of  the  small  streams,  showing  that  this  formation  lies  well  up 
in  the  central  ridge  of  the  coimty.  It  was  seen  at  the  head-waters  of 
Nineveh,  Indian,  Stotfs,  Crooked,  and  Bluff  Creeks.  This  elevation  of 
strata  suggests  the  possibility  of  their  continuance  underneath  a  portion  of 
the  eastern  extension  of  this  ridge,  through  Pleasant  and  Clark  townships. 
This  can  only  be  determined  by  a  deep  bore  in  those  regions.  The  prob- 
ability of  this  extension  is  increased  by  the  consideration  that  erosion  did 
not  occur  here  so  deeply,  because  of  the  overlying  ridge  of  compact  bowl- 
der drift.  This  whole  region  was  more  or  less  protected  while  the  denu- 
dation of  the  formations  southward  was  in  progress. 

Originally,  the  Knobstone  formation  extended  eastward  much  farther 
than  at  present.  Indeed,  such  an  extension  is  demanded  by  the  present 
position  of  the  strata.  They  lie  in  position  with  an  undisturbed  and  al- 
most horizontal  stratification,  and  with  only  a  gentle  dip  to  the  west,  yet, 
six  miles  west  of  Edinburg ,  they  have  an  altitude  of  more  than  two  hun- 
dred feet  above  the  level  of  Blue  River.  There  are  no  sufficient  data  to 
prove  that  this  difference  of  altitude  is  produced  by  oscillations  of  surface; 
the  ledges  show  no  signs  of  any  sort  of  disturbance.  The  main  cause 
of  change  has,  apparently,  been  the  deep  erosion  of  the  eastern  portion  of 
the  Knobstone  toward  the  older  and  more  elevated  formations  of  Shelby 
and  Decatur  counties.  The  precipitous  wall  of  the  Knobstone  formation 
in  southern  Johnson  county  indicates  that  it  was  caused  by  erosion.  The 
very  constituency  of  the  lower  portion  of  the  Knobstone  group  favors  the 
idea  of  their  general  denudation  in  the  eastern  part  of  Johnson  county.  ' 

The  characteristic  of  these  ledges  is  that  the  lower  are  the  more  argil- 
laceous ;  hence,  loose,  fine-grained  clay  shales  are  found,  generally  toward 
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the  base  of  this  formation,  with  an  increase  of  sandstone  toward  the  top. 
The  whole  group  in  Johnson  county  exhibited  these  features. 

The  easily  disintegrated  clay  shales  are  lowest  and  eastward,  and  the 
heavier  ledges  of  massive  freestones  are  found,  as  we  rise,  in  series  toward 
the  limestone  of  the  next  formation.  This  feature  indicates  not  only  the 
probability  of  extensive  erosive  action  along  the  eastern  outline  of  the 
Knobstone,  but  suggests  also  the  fact  that  the  physical  condition  of  the 
lower  parts  of  the  Knobstone  conditioned  the  course  of  the  Collett  Glacial 
River,  and  contributed  not  a  little  to  the  formation  of  this  glacial  valley. 
The  natural  tendency  of  water  is  to  follow  the  line  of  an  outcrop,  espe- 
cially when  an  outlet  with  the  dip  is  not  easily  secured,  as  was  the  case  in 
this  instance.  The  glacial  deposits,  westward,  overlaying  massive  sand- 
stone formations,  made  the  natural  channel  coincide  with  the  outcrop  of 
the  soft  clay  shales  of  the  Knobstone.  These  fevored  deep  and  rapid 
erosion.  All  the  data  have,  as  yet,  not  been  gathered  to  establish  its 
depth  and  extent.  It  certainly  swept  away  the  whole  part  of  the  clay 
shales,  and  a  greater  part  of  the  black  shale  of  the  next  period.  It  is 
possible  that  the  drift  deposits,  in  some  localities,  .rest  upon  the  Cornifer- 
9US  limestone — the  final  bed  of  the  deep  flowing  river  of  the  misty  past. 

The  Klnobstone  formation  is  quite  uniform  throughout  the  county.  A 
section  from  White  River  township  would  coincide,  in  general  features, 
with  a  section  in  Hensley. 

Everywhere,  the  blue  clay  shales  are  filled  with  ironstone  concretions, 
of  all  sizes  and  shapes.  They  are  particularly  abundant  in  the  deep 
ravines  of  Nineveh  and  Hensley  townships.  They  contain  a  large  per 
cent,  of  iron,  but  the  quantity  is  not  sufficient  to  give  them  economic  im- 
portance. Near  the  top  of  the  outcrop  at  **  Pritchard's  Hill"  (section  10, 
Nineveh  township),  two  beds  appear  that  are  quite  rich  in  iron,  the  min- 
eral not  being  in  nodules,  but  mingled  with  the  shale,  and,  under  expos- 
ure, showing  a  reddish-brown  color. 

The  aluminous  shale,  while  persistent  through  the  whole  section,  never- 
theless, varies  in  appearance.  In  one  locality,  on  the  land  of  Alfred 
Vandevier,  in  section  5,  Nineveh  township,  it  was  a  fine  micaceous  clay. 
The  outcrop  is  about  ten  feet  thick,  underlying  layers  of  freestone  about 
six  inches  in  thickness.  In  character,  it  was  very  soft  and  friable,  but, 
on  exposure  to  the  air,  it  soon  hardens,  and,  if  it  is  rubbed,  it  takes  a 
smooth  polish  and  turns  white.  The  early  settlers  of  the  neighborhood 
used  it  as  a  finishing  mortar  in  **  daubing''  their  houses.  Its  qualities 
demand  some  test  of  its  practical  value.  No  other  exposures  of  this  alu- 
minous shale  were  observed,  with  the  peculiarities  of  this  outcrop.  Else- 
where, they  are  more  of  a  drab  color,  and  usually  with  more  or  less  of 
'arenaceous  material. 

Along  the  course  of  Indian  Creek,  in  Hensley  township,  the  peculiari- 
ties of  this  formation  are  well  displayed.     One  branch  of  the  stream  rises 
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iij  the  tiorthern  ridge  of  Brown  county  and  the  other  starts  from  hi^^ 
\sLiid  south  of  Tra&lgar.  Each  one  passes  down  a  deep  gorge,  in  part  tlie 
work  of  its  own^ waters.  The  South  Fork  presents  the  best  exhibit  of  the 
Kiiobstones.  Along  its  whole  course  they  present  a  precipitous  UnflT^ 
nmgin^  from  seventy-five  to  one  hundred  feet  in  height.  At  the  junction 
of  the  two  branches  of  Indian  Creek,  in  southeast  quarter  of  section  27^ 
tie  following  section  was  taken  : 

Soil. 2  ft.    00  in. 

l^je^w 20  00 

Clar^  About 30  00 

Bandiitone 00  10 

Arrimceous  shale '.    .    .    .  12  00^ 

Frti^tone 00  06- 

Cliiy  shale 10  00 

SandBlone 00  08 

Bhie  clay  shale 12  00 

Paving  stone  (bed  of  creek) 00  00 

Total 88  ft.    00  in. 

Tills  alternation  of  shale  and  sandstone  is  very  marked  as  we  go  down* 
ibe  .stream.  The  sandstone  becomes  more  massive,  but  the  shales  aie 
jwrsistont.  The  floor  of  the  stream,  at  the  point  of  the  section  given,  is^ 
a  layer  of  ferruginous  sandstone.  It  is  in  broad  slabs  from  three  to  six 
inches  thick.  It  quarries  easily,  is  regularly  seamed  in  one  directioD  and 
break  frig  with  a  square  fracture  in  the  other,  thus  being  well  adapted  for- 
jiuvenients.  The  verticle  partings  through  this  layer  all  trend  east  and 
west. 

Thi?^  layer  is  exposed  in  Union  township,  under  similar  conditions,  in 
the  lied  of  the  Middle  Fork  of  Stott's  Creek.  The  dip  of  the  strata  is 
ilriwn  ifitream.  It  was  observed  that  they  rapidly  thickened  as  they  oon- 
tirRii.'d  westward ;  a  stratum  of  freestone,  six  inches  thick,  increased  to 
nbijut  two  and  one-half  feet  in  less  than  two  miles.  The  increase  of  thick* 
ness  was  very  uniform  through  the  whole  distance.  Its  continuous  out- 
crop ulong  this  creek  is  a  very  noticeable  feature  of  the  scenery.  Hie 
lei Igf^  juts  out  in  massive  shelves  over  the  water.  Where  it  finally  j^asses 
lielow  tile  bed  of  the  stream,  it  is  nearly  three  feet  thick.  At  this  point 
ihe  (ivorlying  deposits  are  comparatively  thin,  and  the  conditions  are- 
iavonilile  to  the  successful  removal  of  this  excellent  building  stone.  It  is 
a  dunible  rock,  hardening  with  exposure  and  not  affected  by  climiUic 
cJiauges.  Ledges  that  had  been  exposed  for  an  indefinite  period  preserved 
the  slmrp  angles  of  the  first  fracture. 

Nil  ftmih  were  found  in  any  part  of  this  formation,  though  constant 
and  iitreful  search  was  made.  Ripple  marks  were  occasionally  seen^ 
tlRnigh  usually  in  faint  outlines.  One  slab  of  brown  ferruginous  sand- 
titoDe  rm  "Woodruff's  hill**  had  its  surface  covered  with  raindrop-like- 
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impressions;  another  was  found  in  Hensley  township,  with  outlines  of 
"••fuooids  or  seaweed."  The  absence  of  fossils  is  explained  by  the  condi- 
tioDS  of  the  ancient;  sea  in  which  these  shales  and  sandstones  were  depos- 
ited. The  turbulent  and  shallow  water  of  its  shore  may  have  been  fatal 
to  their  existence,  or,  if  they  existed,  its  deposits  were  not  adapted  to 
tfadr  preservation.  In  some  of  the  ravines  of  White  River  township, 
gieodes  were  found  quite  numerously,  but,  generally,  smaller  than  those 
abounding  in  Brown  county.  The  hollow  concretions  are  characteristic  of 
the  Keokuk  beds,  the  next  higher  formations,  and  appearing  in  outcrop 
.flome  distance  westward.  Their  presence  in  this  distant  and  isolated  val- 
ley may  be  explained  by  the  decomposition  of  some  outlier  of  the  Keo- 
kuk. The  calcareous  matter  of  limestone  being  removed,  these  siliceous 
^ooncretions  would  remain,  and  would  naturally  find  their  way  to  the  beds 
of  small  streams.  * 

In  the  valley  of  Indian  Creek,  a  geodized  goniatite  was  found  by  Hiram 
Porter,  who  kindly  presented  it  to  the  State  Museum. 

THE  BLACK  SHALE. 

(GENESEE   SHALE.) 

There  is  but  one  outcrop  of  this  well-known  and  much  studied  formation. 
It  is  well  exposed  in  the  bed  of  Sugar  Creek,  in  Blue  River  township.  The 
'^ooterop  begins  just  below  the  railroad  bridge,  in  section  9,  and  extends 
^wn  the  stream  to  the  iron  bridge,  over  Bradle/S  Ford,  in  section  17. 
It  is  a  fine  exposure,  the  formation  composing  both  the  bed  and  the  banks 
-of  the  stream.  The  shale  is  jet  black,  breaking  usually,  on  exposure, 
into  small  pieces,  the  fracture  being  quite  as  ready  in  one  line  as  another. 
Other  ledges  exist  in  broad  slabs  that  are  quite  massive ;  these  are  usu- 
=ally  studded  with  quantities  of  iron  pyrites  in  flattened  concretions.  When 
liroken,  the  illusive  yellow  suggests  the  common  name,  **  fooFs  gold,"  and, 
tiiereibre,  is  simply  sulphide  of  iron. 

This  exposure  of  the  black  shale  seems  to  be  an  isolated  one,  there  be- 
ing no  other  observed  nearer  than  Valley  Mills,  in  Bartholomew  county, 
nearly  seven  miles  south.  It  seems  to  be  an  island  of  shale,  capped  with 
^a  heavy  deposit  of  modified  drift.  If  any  of  this  bed  exists  in  any  place 
in  this  locality  it  is  at  a  much  lower  level.  In  this  outcrop,  the  shale  as- 
•oends  well  up  on  the  blufls  of  the  creek ;  and  in  the  adjacent  regions  the 
^pivial  and  fluviatile  deposits  are  very  heavy,  the  deepest  wells  never 
^reaching  the  shale. 

Only  one  fossil  was  found  in  this  outcrop.  Though  this  group,  in  other 
localities,  has  furnished  quite  a  number  of  species,  the  specimen  found 
wwa  the  impression  of  a  fossil  plant  on  a  large  slab  of  the  shale.  It  was 
Ihlly  six  feet  long,  and  was  apparently  a  rush-like  plant,  with  a  jointed 
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stem,  which,  when  growing,  must  have  been  a  gigantic  Eipdsetum,  allied 
to  the  genus  Calamiies  of  the  Carboniferous  Age.  It  had  jointed  stems, 
the  joints  being  from  two  te  four  inches  apart.  In  process  of  preserva- 
tion these  joints  seem  to  have  been  separated,  and,  in  the  interstices, 
was  found  a  layer  of  coal  that  was  as  hard  and  irridescent  as  anthracite. 
This  black  shale  is  full  of  carbonaceous  matter. 

The  rocks  of  this  period,  in  other  localities,  are  rich  in  oil,  but  these 
shales  contain  only  about  ten  per  cent,  of  combustible  matter.  For  this 
reason,  they  hum  with  a  bright  flame  for  a  few  minutes,  when  placed  in 
a  hot  fire,  but,  aside  from  this  they  have  no  other  resemblance  to  coal ; 
nor  have  they  any  relation  to  the  coal-bearing  rocks,  being  far  below  them 
geologically.  These  beds  probably  underlie  the  most  of  the  surfiwse  of  the 
eastern  part  of  the  county.  It  has  been  subject  to  great  erosion,  and,  as 
it  readily  decomposes  on  exposure  to  air  and  water,  it  is  not  unlikely  that 
the  broad  belt  of  black  loamy  land  in  Clark  and  Needham  townships 
derive  their  color  and  fertility  from  the  decomposition  of  the  black  shale. 
Its  clayey,  carbonaceous  matter,  mingling  with  alluvial  deposits  of  organic 
material,  produces  a  fertile  soil. 

ECONOMIC  GEOLOGY. 
SOIL. 

The  diversified  topography  and  varied  geological  structure  of  this  county* 
affords  a  great  variety  of  fertile  soils.  They  range  from  the  firm  compact 
clays  of  the  central  ridges  to  the  loamy  alluvium  of  the  level  plains: 

The  clay  lands  are  all  susceptible  of  a  high  state  of  cultivation.  Even 
the  white  clay  of  portions  of  Hensley  and  Union  townships  is  rich  in  the 
mineral  ingredients  that  are  the  basis  of  a  good  soil,  which  constitute  the 
vital  elements  of  plant  food — the  product  of  decomposed  rocks,  mingled 
with  more  or  less  of  matter  of  vegetable  origin.  These  stiff,  heavy  clays 
are  really  not  **poor"  land.  They  are  rich  in  the  elements  of  produc- 
tiveness. A  cold,  clammy  soil  only  needs  to  be  opened  and  warmed. 
This  can  readily  be  done,  not  so  much  by  costly  fertilizers ;  for  the  soils  of 
Johnson  county  do  not  need  so  much  the  introduction  of  plant  food  as 
they  need  the  production  of  the  conditions  in  which  they  can  use  what 
they  already  have  in  store  as  a  part  of  their  constitution.  Manures 
might,  doubtless,  benefit  old  and  worn  out  soils,  but  the  need  of  so-called 
**poor  white  clays"  is  not  the  putting-in,  but  the  bringing-out  process. 
The  elements  of  fertility  are  inherent  in  the  vast  store  of  phosphates,  car- 
bonates, etc.,  that  are  held  unused  in  these  cold,  compact  clays.  The 
two  agents  are  clover  and  drainage;  the  former,  in  connection  with  a 
judicious  rotation  of  crops,  and  the  latter  contemporaneous  with  thorough 
subsoiling.     These  introduce  the  effects  of  light  and  heat     The  clover 
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roots  penetrate  deeply — they  tap  the  store  of  plant  food.  The  roots  and 
leaves,  dying,  introduce  a  new  element  of  fertility.  The  drains  carry  off 
the  water  that  formerly  had  no  outlet.  The  soil  becomes  porous  and 
open.  In  wet  weather,  it  loses  its  superfluous  water,  and  in  dry  weather 
the  loosened  earth  gives  the  rootlets  access  to  the  deeper  moisture.  This 
process  will  develop  the  capacity  of  these  cold  clays.  Not  only  will  it  de- 
velop their  capacity,  but  it  will  preserve  them  in  increasing  fertility. 

The  greater  portion  of  the  soil  in  Johnson  county  is  a  rich,  black  loam. 
The  only  condition  of  productiveness  is  thorough  under-drainage.  This 
condition  has  been  almost  universally  met,  hence,  the  almost  imequaled 
fertility  of  the  land.  There  are  numerous  tile  factories  in  constant  opera- 
tion, and  thousands  of  dollars  are  expended  annually  in  this  most  profita- 
ble investment. 

The  direct  benefit  of  the  extensive  and  thorough  drainage  is  the  hygienic 
blessing  of  pure  water.  Malaria  was  the  curse  and  terror  of  this  county, 
three  decades  ago.  The  shallow,  stagnant  marshes  generated  the  poison 
which  was  introduced  into  the  human  system,  probably  not  so  much  by 
atmospheric  communication  as  by  the  infiltration  of  its  impurities  into  the 
shallow  wells  and  surface  springs  from  whence  the  people  procured  water 
for  potable  and  culinary  use.  Drainage  dries  the  swamps  that  feed  the 
shallow,  surface  wells.  The  remedy  is  a  deeper  well  to  the  purer  waters 
below,  that  have  not  a  marsh  for  a  fountain;  or,  wh^t  is  better  still,  the 
constri^ction  of  cisterns,  and  thus  securing  the  purest  of  all  waters,  from 
the  clouds.  The  importance  of  a  pure  water  supply  can  not  be  overesti- 
mated. Medical  authorities  afiSrm  that  many  epidemics  of  typhoid  fever 
originate  in  a  contaminated  water  supply.  • 

Johnson  county  is  naturally  well  supplied  with  an  abundance  of  pure 
water.  Numerous  springs  issue  from  the  hillsides,  some  of  them  charged 
with  mineral  ingredients.  The  finest  and  most  noted  mineral  springs  are 
found  in  section  7,  Nineveh  township.  They  are  known  as  the  **  Vicker- 
man  Springs,'*  after  the  name  of  the  original  owner  of  the  land.  They 
are  three  in  number,  all  close  together  and  issuing  from  the  base  of  a 
boldly  escarped  blufi*  of  bowlder  drift.  The  springs  flow  out  at  the  top 
of  the  sandstone  strata  at  the  base  of  the  clay.  They  are  quite  similar 
in  character,  though  the  one  farthest  to  the  west  exhibits  the  most  de- 
cided mineral  character.  Its  analysis  was  not  obtained.  The  water  is 
said  to  have  medicinal  properties,  and  many  have  testified  as  to  its  efllcacy 
in  certain  disorders.  It  has  a  pleasant  taste.  The  rocka  over  which  it 
flows  are  colored  bluish  black,  as  b  the  whole  bed  of  the  stream  into 
which  it  flows,  for  some  distance  below.  Bubbles  issuing  occasionally,  in- 
dicate the  presence  of  a  free  gas.  The  **Big  Spring,"  at  Hopewell,  is 
well  known.  Here,  the  water  issues  from  the  base  of  a  sand  and  gravel 
deposit  overlaying  the  blue  clay.  Other  springs  have  been  utilized  in  the 
arrangement  of  fish  ponds.     The  supply  of  German  carp  has  taken  fish 
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culture  out  of  the  domaio  of  pleasure  into  the  region  of  practical  indus- 
try.    Fish  may  be  reared  as  easily  as  poultry,  and  are  more  profitable. 

LIVE    STOCK. 

The  Abundance  of  running  waters  and  excellent  grass  land  make  this 
county  a  great  stock  region.  These  natural  advantages,  coupled  with  the 
noted  enterprise  of  the  people  in  securing  and  breeding  to  the  best  breeds 
of  animals,  has  made  this  county  famous  for  its  fine  stock.  Herds  of 
short-Lorn  and  Jersey  cattle  are  numerous,  with  horses  of  the  finest  char- 
acter, while  flocks  of  Cotswold  sheep  and  droves  of  Berkshire  and  Poland 
China  hogs  are  found  everywhere.  To  individualize  merit  would  be  to 
iliscTiminate  against  equal  excellence  in  a  myriad  of  instances. 

ROADS. 

Johnson  county  was  one  of  the  first  counties  to  move  in  the  matter  of 
improved  means  of  transportation.  Under  the  old  gravel  road  law, 
numljcirs  of  excellent  roads  have  been  built,  the  material  being  the  excel- 
lent gravel  that  abounds  in  every  part  of  the  county,  save  a  narrow  strip 
Hlong  the  central  ridge.  This  region,  however,  is  not  so  extensive  but 
that  material  is  accessible  in  the  adjacent  more  highly-favored  localities. 
The  gravel  usually  cements  into  a  solid  mass,  and  becomes  very  d^urable, 
ne^duig  only  a  fresh  coat  now  and  then  to  keep  it  in  excellent  condition. 

The  provisions  of  the  new  road  law  are  stimulating  the  construction  of 
many  free  gravel  roads,  notably  in  Hensley  and  Union  townships.  The 
distaiK-e  from  any  shipping  point  make  them  doubly  desirable.  Diffi- 
culty in  securing  adequate  supply  of  gravel. in  those  localties  was  antici- 
|mted ,  but  closer  investigation  indicates  an  adequate  amount  is  accessible. 
The  bi^ls  of  the  larger  streams  will  produce  a  small  amount  continually, 
probibly  enough  to  keep  the  roads  in  repair.  A  larger  and  more  reliable 
supply  will  be  found  in  hidden  deposits  along  the  points  of  the  ridges 
ruuuitig  down  into  the  deep  valleys  of  Indian,  Barnes'  and  Stott's  Creeks. 
The  p-avel  is  found  in  the  **  second  bottoms,"  and  sometimes  under  sev- 
«ral  ieet  of  soil.  The  efficiency  of  the  new  road  law  will  depend  upon  its 
[yro\>or  enforcement,  and  that  will  hinge  upon  election  of  honest,  intelli- 
gent and  energetic  men  to  the  office  of  road  superintendents. 

FRUIT. 

The  " '  Brown  edge "  of  Johnson  is  well  adapted  to  the  production  of 
fruit  of  all  kinds.  The  native  fruits  of  this  soil  are  Nature's  plain  hint 
fkB  to  its  capacity.  They  grow  luxuriantly.  Persimmons,  blackberries, 
tuiiplverries  and  grapes  all  abound.     Grape  vines  of  wonderful  length  and 
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size  clamber  among  the  branches  of  tall  trees.  Where  Nature's  sugges- 
tion has  been  followed,  excellent  fruit  is  produced  in  abundance  and  in 
the  greatest  perfection.  While  the  orchards  elsewhere  in  the  county  were 
dead  and  dying,  the  apple  trees  on  these  ridges  were  thrifty  and  fruitful. 
Mr.  J.  M.  Woodruff  states  that  in  sixty  years  his  peach  trees  on  this  high 
land  have  only  failed  to  produce  fruit  four  times,  an  average  of  but  one 
£Eulure  in  every  fifteen  years !  Such  success  should  warrant  the  planting 
of  this  land  in  all  varieties  of  fruit.  Cereals  have  but  a  scanty  and  un- 
certain growth  in  these  soils,  but  fruit  would  be  a  sure  investment,  with 
early  profit.  The  region  south  of  Trafalgar  and  west  of  Nineveh  could 
be  made  the  orchard  of  Central  Indiana.  OthcF  regions,  equally  as  pro- 
ductive, are  too  remote  from  the  railroad.  This  region  is  near,  with  ex- 
cellent &cilities  for  transportation,  and  could  easily  distance  all  competi- 
tors. I 

ARCHAEOLOGY. 

Traces  of  the  pre-historic  people,  while  not  abundant,  are  of  such  a 
nature  as  to  interest  the  antiquarian.  Only  two  small  mounds  are  known 
to  exist  in  the  county,  and  they  are  small  habitation  tumuli.  They  are 
on  the  land  of  William  Sanders,  in  section  10,  Blue  River  township. 
They  are  about  one  hundred  yards  from  each  other.  The  land  is  under 
cultivation,  and  they  have  been  almost  obliterated.  Some  of  the  sand 
ridges  in  the  county  greatly  resemUe  mounds,  as  the  **  Donnell  Mound,** 
and  many  others;  but  they  are  natural  elevations  produced  by  the  fluvia- 
tile  agency  previously  described. 

The  western  half  of  the  county  is  by  fisu*  the  richest  in  archaeological 
relics.  One  of  two  reasons  may  explain  their  comparative  absence  on  the 
eastern  side :  either  the  locality  was  too  wet  and  marshy,  or  the  alluvial 
deposits  have  buried  all  traces  of  their  residence  below  the  present  surface. 
On*  almost  every  farm  in  Hensley ,  Union  and  White  River  townships,  the 
various  implements  of  the  pre-historic  and  aboriginal  people  may  be  found. 
They  are  generally  the  grooved  axes,  pestles  of  Greenstone,  and  pieces  of 
pottery.  A  fine  Syenite  axe  was  presented  to  the  State  Museum  by  Mr. 
Hiram  Porter,  of  Hensley  township.  This  gentleman  is  an  enthasiastic 
collector  of  specimens,  having  in  his  house  many  of  rare  interest.  An- 
other handsome  grooved  axe,  or  **  celt,'*  was  presented  by  George  Holman, 
of  Hensley  township. 

In  this  township  are  frequently  found  slabs  of  sandstone,  having  one  or 
both  sides  full  of  shallow  round  holes,  about  large  enough  to  fit  the  larger 
end  of  an  average  hen  egg.  They  are  smooth  and  symmetrical,  evidently 
having  been  fashioned  for  some  purpose.  Many  conjectures  have  been 
advanced  as  to  their  probable  use.  Some  have  suggested  that  they  were 
"Anvil  stones";  but  the  character  of  the  stones  prohibits  such  use,  being 
in  rather  thin  slabs  and  easily  broken.     One  of  these  stones  was  seen. 
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having  both  sides  full  of  holes.  On  one  side  there  were  twenty-three,  and 
on  the  other  twenty-five.  Such  a  number  seems  to  oppose  another  ex- 
planation that  havS  seemed  very  plausible — that  these  holes  were  worn  by 
constant  use  in  cracking  nuts  for  food,  which  constituted  a  large  portion 
of  their  subsistence. 

On  the  land  of  Calvin  Fletcher,  in  section  18,  White  River  township, 
a  skeleton  was  found  in  a  gravel  pit,  having  a  vessel  of  pottery  closely 
fitted  upon  the  skull,  which  was  well  preserved.  Both  the  skull  and  the 
pottery  were  broken  into  fragments  by  the  thoughtless  workmen.  Asso- 
ciated with  this  skeleton  were  found  a  number  of  flint  arrowheads  and 
pieces  of  fresh-water  shelly.  These  specimens  are  in  possession  of  Mr.  W. 
M.  McKinzie,  of  Waverly,  Morgan  county. 

In  section  32  of  this  township,  on  the  land  of  Mr.  J.  H.  Throckmorton, 
portions  of  an  immense  pair  of  antlers  were  found,  in  fiigging  a  ditch. 
They  were  four  feet  below  the  surfiEice,  lying  at  the  base  of  the  alluvial 
deposits  or  at  the  top  of  the  clay.  They  were  worn,  doubtless,  by  the 
great  post-glacial  deer,  which  ranged  this  region  as  a  contemporary  of  the 
Mastodon.  Of  this  latter  animal  no  relics  have  been  reported  in  any  part 
of  the  county. 

Flint  arrowheads,  chisels,  bodkins,  scrapers,  knives,  etc. ,  are  frequently 
found.  Mr.  W.  H.  Barnett,  of  Franklin,  has  an  interesting  collection 
from  various  parts  of  the  county — among  them  one  eight-grooved  axe, 
one  flint  bodkin  three  inches  long,  and  a  fine  flint  dagger  six  inches  in 
length.  He  has  in  his  possession,  also,  two  iron  tomahawks,  to  which  is 
attached  peculiar  interest.  The  smaller  one  was  picked  up  on  the  old 
Indian  camp  ground  on  the  bluff*  of  Young's  Creek,  west  of  Amity,  the 
spot  on  which  the  Indians  had  their  last  camp-ground  within  the  limits  of 
this  county,  in  1824;  the  other  is  a  larger  axe,  of  very  hard  steel,  made 
in  the  old  Spanish  fashion,  and  was  dug  up  near  the  buildings  of  Frank- 
lin college. 

EDUCATION. 

Franklin  College  is  located  at  Franklin,  and  is  under  the  control  of  the 
Baptists  of  Indiana.  The  institution  is  in  a  flourishing  condition  and  is 
doing  a  grand  work  in  the  cause  of  education.  The  able  and  eflScient 
faculty  are  thoroughly  devoted  to  their  work.  It  is  confidently  hoped 
that  the  endowment  of  this  institution  will  soon  be  increased  largely,  and 
the  college  put  in  position  to  surpass  in  usefulness  even  the  grand  record 
of  the  past.  The  curriculum  of  studies  is  complete  in  all  departments, 
and  the  standard  of  scholarship  is  high.  The  surroundings  of  student 
life  are  most  delightful  and  favorable  to  all  the  interests  of  the  pupil — 
moral,  mental  and  physical.  The  location  is  a  pleasant  one.  The  build- 
ings are  commodious  and  convenient,  and  the  campus  extensive  and 
shaded  by  majestic  trees,  mainly  of  native  forest  growth.     The  library. 
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laboratory  and  cabinet  are  all  well  supplied  with  the  references,  appli- 
ances and  specimens  that  enable  the  successful  prosecution  of  any  branch 
of  study. 

The  public  school  houses  of  Franklin,  and  of  all  the  larger  towns,  are 
well  constructed  and  supplied  with  all  the  desiderata  of  first-class  graded 
schools;  and,  throughout  the  county,  the  old-fashioned,  bam-like  school 
houses  have  been  almost  universally  replaced  with  handsome  and  well- 
arranged  structures  that  are  a  credit  to  the  intelligence  of  the  people. 

Large  and  commodious  churches  abound  in  the  county  as  well  as  in  the 
towns.  Some  of  the  rural  churches,  as  Hopewell,  Pleasant  Hill,  and 
Union,  rival  the  cities,  in  both  the  costliness  of  the  houses  of  worship  and 
size  of  the  congregations. 

The  population,  everywhere,  is  cultivated  and  Christian,  progressive  in 
spirit,  ready  for  every  act  of  benevolence  and  every  movement  for  public 
good. 

THANKS. 

The  personal  kindness  received  from  those  who  aided  in  this  survey  has 
been  highly  appreciated,  special  acknowledgment  being  due  the  following 
generous  and  public-spirited  citizens  of  various  townships ;  Wasson  Mc- 
Caslin,  David  A.  Leach,  N.  H.  Barnett,  Herman  Porter,  J.  M.  Wood- 
ruff, Alfred  Vandevier,  George  Holman,  Andrew  8.  Wood,  W.  F.  Kip- 
nich,  Prof.  D.  A.  Owen,  W.  H.  McKinzie,  T.  J.  Byer,  John  H.  Mc- 
Caslin. 
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GEOLOGY  OF  GRANT  COUNTY. 


BY   A.    J.    PHINNEY,   M.    D. 


GEOGRAPHICAL  AND  TOPOGRAPHICAL  NOTES. 

Grant  county  is  situated  not  far  northeast  of  the  center  of  the  State, 
about  midway  between  Ft.  Wayne  and  Indianapolis.  It  embraces  418 
square  miles  in  its  area. 

The  principal  Indian  inhabitants  of  the  county,  in  the  early  part  of  the 
century,  were  of  the  Miami  tribe ;  in  later  years  they  were  reduced  to  the 
Meshingomesia  band.  Their  most  noted  village  was  Meshingomesia,  situ- 
ated about  three  miles  south  of  the  Wabash  county  line,  near  the  Missis- 
sine  wa  River.  The  Indians  still  hold  this  land,  the  title  never  having 
passed  to  the  Government. 

The  first  settlers  were  principally  Quakers,  who  located  at  and  in  the 
vicinity  of  Jonesboro;  and,  to-day,  fine  farms,  school-houses,  and  modest 
churches  are  evidences  of  the  thrift,  intelligence,  and  moral  status  of 
these  people.  The  northern  portion  was  settled  by  emigrants  from  Ohio 
and  the  Middle  States. 

Grant  county  formed  part  of  Delaware  county  until  February  10, 
1831,  when  the  Legislative  Act  for  the  organization  of  the  county  was 
approved. 

Marion,  the  seat  of  justice,  is  named  in  honor  of  Gen.  Francis  Marion, 
a  noted  leader  in  the  Revolution.  This  city  has  a  population  of  about 
four  thousand.  It  is  an  enterprising  place,  busy  with  the  various  indus- 
tries that  give  prosperity  and  happiness  to  its  people.  It  is  situated  in 
the  valley  of  the  Mississinewa  River,  and  is  surrounded  by  high  table 
lands,  rendering  the  scenery  quite  picturesque.  The  court  house  is  a 
magnificent  structure,  built  of  Indiana's  fiunous  ooUtic  limestone. 

The  other  principal  towns  are  Jonesboro  and  Fairmount,  each  having 
about  one  thousand  inhabitants.  The  smaller  towns  are  Upland,  New 
Cumberland,  Van  Buren,  Jalapa,  Mier  and  Sweetser. 

The  county  is  crossed  by  the  Pittsburgh,  Cincinnati  &  St.  Louis,  the 
Cincinnati,  Wabash  &  Michigan,  and  the  Toledo,  Cincinnati  &  St.  Louis 
Railways,  and,  as  the  course  of  each  is  somewhat  circuitous,  ample  &cility 
for  communication  is  afibrded  all  parts. 
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SURFACE    CONFIGURATION. 

The  8ur£EU^  was  originally  one  vast  plain,  with  only  occasionally  slightly 
rolling  tracts  to  break  the  monotony ;  now,  the  valley  of  the  Mississinewa 
Kver  is  the  most  marked  topographical  feature.  On  the  east,  is  a  slight 
divide,  separating  the  waters  of  Black  Creek  ^m  the  Mississinewa,  while 
on  the  west,  is  another,  which  turns  the  waters  of  Pipe  Creek  to  the  west- 
ward. Its  course,  after  leaving  the  county,  is  nearly  parallel  with  the 
Mississinewa.  The  drainage  from  Green  township  is  almost  due  west, 
Wildcat  Creek  having  its  source  here.  There  are  no  hills,  strictly  speak- 
ing; the  broken  sur&ce  along  the  river  is  due  to  erosion,  as  the  summits  of 
the  so-called  hills  are  not  higher  than  the  plain  a  few  miles  back  from  the 
river. 

The  fall  of  the  Mississinewa  is  rapid.  Throughout  its  entire  course  in 
the  county,  it  has  cut  its  channel  from  fifty  to  one  hundred  feet  below  the 
level  of  the  plain ;  as  a  result  of  this,  all  the  small  streams  tributary  to 
it  have  excavated  deep  gorges  through  the  heavy  clays,  giving  a  very 
broken  surface.  ^  The  southern  portion  of  Monroe  township  is  usually 
considered  rolling,  especially  along  Walnut  Creek,  but  this  is  due,  also,  to 
erosion.  Walnut  Creek  may  seem  totally  inadequate  for  the  excavation 
of  so  deep  and  broad  a  valley  as  the  one  it  now  occupies,  but  the  explan- 
ation is  easy,  after  determining  that  it  was  crossed  by  a  great  glacial  river, 
flowing  to  the  southwest.  Overflows  from  this  river,  probably,  contribut- 
ed much  toward  the  excavation  of  the  valley  and  the  erosion  of  the  sur- 
face of  the  plain  adjacent  to  it. 

The  Mississinewa  River  enters  the  county  near  its  southeast  comer,  and, 
aft;er  traversing  it  diagonally,  leaves  it  on  the  north  side,  about  six  miles 
east  of  its  western  boundary.  Its  valley  is  quite  broad  in  places,  though, 
north  of  Marion,  it  is  narrow,  owing  to  the  river  having  cut  its  channel 
through  limestone  strata.  No  one,  .from  the  present  size  of  the  stream, 
would  infer  that  it  was  ever  navigable,  yet  such  has  been  the  case.  In 
early  times  it  could  be  crossed  at  Marion  by  ferry  only,  for  nearly  half 
the  year;  flatboats  carried  the  produce  of  the  farmers,  by  way  of  the 
Wabash,  to  New  Orleans,  where  it  found  a  ready  market ;  but  with  the 
clearing  of  the  forests,  the  draining  of  the  wet  lands  and  the  building  of 
dams,  the  river  has  dwindled  until  this  is  no  longer  practicable,  and  the 
construction  of  railroads  has  rendered  it  no  longer  a  necessity.  The  river, 
however,  at  present,  affords  valuable  water  power,  which  is  utilized  to  iVs 
fullest  capacity. 

Pipe  and  Grassy  Creeks  drain  the  western  part  of  the  county,  and  Black 
Cr^eJ^.the  northeastern  portion.  The  principal  tributaries  of  the  Missis- 
sinewa, from  the  east,  are  Walnut,  Lugar's,  Hummel's  and  Lake  Creeks, 
and  Barren  Back,  Deer  and  Boot's  Creeks  frx)m  the  west.  These  are  all 
small  streams,  and  serve  only  to  furnish  a  supply  for  stock. 
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Water  is  usually  obtained  in  wells,  at  a  depth  vaiying  from  ten  to  forty 
feet,  thirty  feet  being  the  average  depth  in  the  eastern  part  of  the  county, 
while  in  the  west  and  south  it  is  frequently  obtained  within  fifteen  or  twen- 
ty feet  of  the  surface. 

In  the  southeastern  part  of  the  county,  passing  through  Monroe,  Jef- 
ferson and  Fairmount  townships,  with  direction  from  north  northeast  to 
south  southwest,  is  the  partially  silted  up  channel  of  one  of  those  Glacial 
Rivers  that  were  once  so  common  in  Eastern  Indiana.  It  is  marked 
throughout  its  course  by  a  series  of  swamps,  lakes,  beaver  dams,  and, 
near  section  18,  Fairmount  township,  by  a  deep  gorge,  one-half  mile 
long,  unoccupied  by  any  stream.  The  drainage  of  the  swamps  has  made 
many  of  the  prairies.  Some  of  them  are  of  considerable  size,  as  Bird's 
prairie,  in  Monroe  township.  In  section  14,  Fairmount  township,  is  quite 
a  large  lake ;  its  area  is  now  about  ten  acres,  but  it  formerly  covered 
nearly  thirty.  This  is  gradually  filling  up,  but  is  still  a  favorite  fishing 
place  for  people  in  that  vicinity.  In  section  12,  Jefferson  township,  is 
another  large,  but  shallow  lake,  now  nearly  dry  from  drainage.  Although 
this  lies  considerably  to  the  south  of  the  course  of  the  stream  as  marked 
on  the  map,  it  is  probably  a  part  of  the  old  channel,  as  the  Glacial  River 
was,  at  times  during  the  overflows,  a  wide  stream.  This  old  channel  is 
quite  clearly  marked,  and  can  be  traced  into  Blackford  county  on  the 
east  and  Madison  county  on  the  south.  The  course  of  the  stream  was 
such  that  it  probably  passed  through  Marion  county,  near  the  site  of  In- 
dianapolis, and  either  joined  the  CoUett  Glacial  River  in  Johnson  county, 
or  continued  on  in  a  southwesterly  direction  near  or  in  the  valley  of 
White  River. 

The  city  of  Marion  is  supplied  with  water  from  an  artesian  well,  which 
was  sunk  on  the  west  side  of  the  river  near  Boot's  Creek.  It  was  com- 
menced twenty-five  feet  in  diameter  and  carried  to  a  depth  of  twenty- 
seven  feet,  when,  not  finding  water,  a  drill  was  sunk  forty-one  feet,  when 
a  vein  was  reached  which  filled  the  well  and  overflowed  at  the  top. 

SECTION   IN   THE  MABION   WELL. 

Block  muck .  .  ^ 1  ft. 

Blue  clay 2 

Gravel  and  sand 9 

Blue  clay 15 

Blue  clay,  in  bore 41 

Total 68  ft. 

Water  works  have  been  built  at  a  cost  of  about  $50,000,  and  afford 
ample  protection  against  fire,  as  well  03  furnishing  the  people  an  abundance 
of  good  pure  water.  From  an  analysis  of  the  water,  given  by  Prof.  Cox 
in  the  Geological  Report  for  1878,  it  is  found  to  contain  twenty-eight 
grains  of  mineral  matter  to  the  gallon. 
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ANALYSTS  OF  WATER  FROM  THE  MARION   WELL. 

Grains. 

Silica,  insolable  in  acids . 1.610 

Alamina 350 

Magnesia 3.705 

Lime 9.319 

Oxide  of  iron 849 

Soda 154 

Carbonic  acid,  combined 9.314 

Sulphuric  acid 2.298 

Chlorine 236 

Loss 343 

Total .  28.200 

Many  people  in  the  adjacent  counties  think  that  the  well  furnishes  soft 
water,  but  this  is  a  mistake,  as  shown  by  the  analysis. 

The  source  of  the  water  is  a  question  frequently  asked,  but  difficult  to 
answer  positively.  The  direction  of  Massey  and  HummeFs  Creeks  and 
the  swampy  tracts,  extending  northeast  through  Van  Buren  township 
into  Huntington  county;  a  continuation  of  the  same  line,  embracing 
Booths  Creek,  the  upper  portion  of  Pipe  Creek,  and  the  chain  of  swamps, 
now  prairies,  extending  through  the  northwest  corner  of  Green  township, 
into  and  through  Tipton  county,  passing  a  little  east  of  Tipton,  render  it 
probable  that  this  line  represents  the  course  of  another  of  those  glacial 
rivers,  or,  perhaps,  one  of  the  pre-glacial  lines  of  drainage,  incompletely 
filled.  Marion,  besides  its  situation  in  the  valley  of  the  Mississinewa,  is 
located  between  two  rocky  ridges,  the  one  on  the  northwest  about  one-half 
mile  from  the  city  and  the  other,  two  and  one-half  miles  to  the  southeast. 
Between  them  is  a  deep  valley  three  miles  wide.  Wells  have  been  sunk 
at  Marion  one  hundred  feet  without  reaching  the  rock,  and  this  may  not 
be  one-half  its  depth.  Where  the  river  cuts  across  the  ridge  southeast  of 
the  city,  it  may  find  a  passage  under  the  heavy  sheet  of  clay  filling  the 
valley,  and,  the  well  being  sixty-eight  feet  deep,  the  fall  between  this  point 
and  the  bottom  of  the  well  may  be  sufficient* to  cause  an  artesian  flow. 
The  subterranean  currents  of  the  old  valley,  probably,  come  from  the 
northeast,  and  may  be  reinforced  by  veins  from  the  east  and  southeast,  as 
well  as  by  water  from  the  river.  The  well  is  located  in  a  wet,  swampy 
tract,  which  was  once  the  channel  of  the  Mississinewa  River. 

GENERAL  GEOLOGY. 
CONNECTED  SECTION. 

QUATERNARY  AGE. 

Alluvium 1  to    10  ft. 

Drift 10  to  200  ft. 
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UPPER  SILUBIAir. 


Guelpli,  or  Cedarville  beds,  yellowish,  maaBive  limestone,  with  chert   15  ft^ 
SpringJield  beds,  bluish  limestone,  upper  portion  argillaceous,  in 
places  a  calcareous  shale,  variable 25  fU 

Total 261  ft. 


QUATERNARY  AGE. 

Tbe&e  deposits  are  of  vital  interest  to  the  fanner,  because  they  have^ 
contributed  largely  to  the  formation  of  fertile  soils.  Without  them  the 
farms  would  not  be  worth  near  their  present  value,  and  much  of  the  sur- 
face would  be  covered  with  shallow  lakes,  to  breed  pestilence  and  deatb 
instead  of  yielding,  as  now,  glorious  harvests. 

At  the  elose  of  the  Glacial  epoch,  the  many  slight  depressions  of  the- 
aurface  w  ere  filled  with  water ;  but,  with  the  spread  of  vegetation  and  the- 
waali  from  the  higher  lands,  most  of  these  have  become  swamps,  fiDed 
with  peat,  muck,  or  humus,  waiting  only  for  the  farmer's  bidding  to  give 
up  tbeir  wealth.  The  prairies  are  only  lakes  that  have  been  filled  with 
vegetable  accumulations.  The  aquatic  vegetation  has  only  covered  the 
surface  of  t lie  deeper  ones,  and  beneath  the  ten  or  fifteen  feet  of  peat  and 
muck  will  be  found  subterranean  lakes.  This  will  explain  why  railroad 
embankmeut8  built  across  these  prairies  are  frequently  swallowed  up,  a» 
the  mass  of  vegetation  gives  way.  All  the  townships  in  the  county  baye 
more  or  Jesa  of  this  deposit,  but  the  eastern,  western,  and  southern  por- 
tions are  best  supplied.  Much  has  been  done,  by  ditching,  to  compile 
the  work  Ijegun  by  nature,  namely,  to  render  the  swampy  tracts  dry;, 
but  more  is  needed,  if  an  increase  of  the  fields  of  magnificent  com  and 
wheat  is  expected.  Vegetable  mould  or  humus  is  found  on  every  fiurOy. 
as  iudicatetl  by  the  rich  black  soil. 

^      ALLUVIUM. 

This  deposit  is  necessarily  limited  in  extent,  for  the  valley  of  the  Mi»- 
i?ig^inpwa  is  deep,  but  narrow,  and  none  of  the  tributaries,  except  Walnut. 
Creek,  have  alluvial  bottoms  of  any  extent.  Formed  by  the  material  left 
on  the  ftfjod-plain  during  high  water,  it  is  composed  of  fine  sand  (silica)^ 
clay,  i\m\  vegetable  debris,  finely  comminuted.  The  uniformly  good  crofiB 
show  that  this  deposit  has  high  rank,  judged  from  an  agricultural  stand- 
p:iint 

DRIFT. 

This  name  is  given  to  all  those  beds  of  sand,  gravel,  clay  and  bowldei» 
which  have  not  been  deposited  by  forces  still  in  action.     They  are  due  ta 
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which  have  long  since  ceased  to  act  in  this  latitude.  They  cover 
the  whole  county,  the  depth  ranging  from  ten  to  two  hundred  feet,  the 
Jast  only  found  in  the  pre-glacial  valleys. 

Gray  clay  is  the  principal  surface  deposit  over  the  eastern  portion  of 
the  county.  Its  thickness  is  about  thirty  feet.  Beneath  this  is  the  water- 
inaring  bed  of  sand  and  gravel ;  under  thb  lies  the  blue  bowlder  clay,  so 
nioeiy  exposed  in  the  bank  of  the  river  east  of  Marion.  The  bed  of  sand 
jmd  gravel  is  not  as  constant  as  the  clays.  In  the  western  and  southern 
parts,  gravel  and  sand  is  found  in  pockets ;  as  wells,  sunk  only  a  few  feet 
«part,  show,  in  one,  nothing  but  clay,  while  the  other  may  strike  gravel 
within  a  few  feet  of  the  sur&ce,  and  afford  an  un&iling  supply  of  water. 
In  places,  thin  beds  of  gravel  are  passed  through,  in  digging  wells,  at  a 
depth  of  ten  or  fifteen  feet,  but  water  is  obtained  principally  from  deeper 
hedB,  and  is  thus  freer  from  impurities.  Many  of  the  swamps,  bogs 
4Uid  round  sink  holes  or  ponds  are  underlaid  with  gravel  and  sand.  A 
{Nke  was  being  built  in  Fairmount  township,  the  gravel  for  which  was 
taken  from  a  swamp.  It  was  necessary  to  use  a  pump  to  keep  the  pit 
free  irom  water.  At  Jonesboro,  the  bluffs  are  composed  of  sand  and 
gravel ;  elsewhere  observed,  they  are  formed  of  heavy  blue  and  gray 
-dajB.  In  the  southern  part  of  the  county,  along  the  river,  the  gray 
-dajB  have  become  yeUowish  or  rusty  colored  from  oxidation  or  the  iron 
in  the  limestone,  which  forms  a  good  portion  of  the  drift,  being  thoroughly 
mixed  with  the  clays.  South  of  Marion  is  a  deposit  of  gravel,  below  the 
<ld  bed  of  the  Mississinewa ;  but  this  was  deposited  by  the  melting  gla- 
-cier,  not  by  the  river.  It  supplies  the  city  and  railroads  with  an  abund- 
4uice  cf  this  valuable  material. 

Bowlders,  although  common  in  the  county,  are  not  numerous,  except  in 
:a  belt  near  Jalapa,  where  are  found  many  large  ones.  They  are  princi- 
pallj  granites,  gneiss,  greenstones  and  quartzites.  They  were  evidently 
torn  from  the  under  surface  of  the  glacier,  as  it  poised  over  the  ridge  ot 
■t)ck  exposed  in  the  bed  of  the  river.  Limestone  bowlders  were  once 
Jiamerous  along  the  river,  between  Jonesboro  and  New  Cumberland,  and 
were  burned  for  lime. 

MASTODON. 

Some  years  ago  the  tooth  of  one  of  these  extinct  animals  was  found  in 
<iiie  of  the  marshes  south  of  the  lake  in  Fairmount  township,  showing 
that  the  ponds  and  lakes  along  the  course  of  the  ancient  river  was  fire- 
•q[iieated  by  them. 

Beaver  dams  were  numerous  when  the  county  was  first  settled,  but  the 
beaTers  had  disappeared  before  the  coming  of  the  white  man.  Whether 
4hej  were  of  the  giant  species  (^Gastoroides  Ohioenris),  and  were  contempo- 
raneous with  the  mastodon,  or  whether  they  were  of  existing  species,  is 
liard  to  determine  in  the  absence  of  their  skeletons. 
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PALEOZOIC   GEOLOGY. 

The  only  rocks  exposed  in  the  county  belong  to  the  Niagara  period, 
Upper  Silurian  Age.  No  outcrops  occur  between  Jonesboro,  and  New 
Cumberland,  though  the  rock  is  probably  but  a  few  feet  below  the  bed  of 
the  river.  North  of  Marion,  the  Mississinewa  has  cut  its  channel  through 
limestone  nearly  the  whole  distance  north  to  the  county  line.  It  is  a  mag- 
nesian  limestone,  varying  in  color,  hardness  and  durability.  In  places, 
the  argillaceous  layers  have  more  resemblance  to  a  shale  than  to  a  lime- 
stone, and  indicate  a  muddy  condition  of  the  seas  at  the  time  of  their  de- 
position. The  better  layers  produce  good  building  stone,  but  they  must 
be  selected  with  care,  as  the  strata  are  subject  to  great  variation — a  good 
layer  frequently  changing  so,  in  a  few  rods,  that  it  may  be  of  inferior 
value.  Sufficient  stone  is  quarried  to  supply  the  wants  of  the  county, 
and  considerable  is  shipped  away.  Near  Marion,  the  quarry  of  Mr.  D. 
R.  McKinney  gave  the  following : 

SECTION   AT  MCKINNKY*8  QUABBY. 

Gray,  argillaceous  limestone,  charged  with  iron ;  strata  from 

2  to  4  inches  thick 4  ft.  00  in. 

Bluish  gray  or  light  drab  limestone;  strata  2  to  4  inches  .   .  4  00 
Blue  limestone ;  lower  part  resembling  a  pudding-stone,  but 

due  to  concretionary  structure 0  8 

Blue  limestone 0  4 

Blue  limestone 0  10 

Blue  limestone 0  8 

Blue  limestone 0  7 

Blue  limestone;  2  strata 0  6 

Blue  limestone .   .   • , 0  8 

Blue  limestone 0  7 

Blue  limestone 0  6 

Total  .   .  r 15  ft.      7  in. 

Below  the  lowest  strata  worked,  the  rock  becomes  argillaceous,  of  a 
bluish  green  color,  and  rapidly  disintegrates  upon  exposure  to  the  atmos- 
phere. All  the  strata  given  in  the  section  become  similarly  changed,  fur- 
ther down  the  river.  The  middle  layers  are  the  most  durable,  as  the 
lowest  strata  are  softer,  and  gradually  change  until  they  become  worthless. 
Any  of  the  strata  are  liable  to  be  split  into  two  or  more  layers,  within  a 
few  rods.  The  dip  is  to  the  northwest,  and  quite  marked.  Mr.  McKin- 
ney sells,  annually,  from  6,000  to  10,000  perch,  a  portion  of  which  is 
shipped  to  other  counties. 

In  the  upper  portion,  specimens  of  the  trilobite  (Galymene  Niagarensis) 
have  been  found.  In  the  lower  part,  large  cephalapod  mollusks  are  the 
prevailing  forms  of  life.  The  large  coiled  fossil  is  a  lAtuUee  (new  spe- 
cies) ;  the  curved  forms  are  Phragmocerm  ettipticum.     The  larger  ones  are 
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Phragmoceras  Nestor,  The  long  straight  onee  are  Orthoceras  crebescens  and 
Orthoceras  strix — the  latter  easily  distinguished  from  the  first  by  the  longi- 
tudinal markings.  The  short  form,  with  eight  or  nine  transverse  septa,  is 
Oomphocertza  siibgraeile.  Occasionally,  the  half-coiled  Cyrtoceras  Dardanus  is 
met  with.  All  the  above  are  internal  casts.  Some  of  the  strata  contain 
calc-spar,  chert  and  crystals  of  quartz ;  but  it  is  an  idle  dream  to  expect 
to  find  silver  or  any  other  valuable  mineral  here.  Silica,  in  one  form  is 
soluble  in  waters  slightly  alkaline;  and  its  presence  here  is  due  to  its 
deposition  from  solution,  either  as  quartz  crystals  or  as  chert,  which  is 
only  another  form  of  quartz.  In  some  cases,  chert  and  flint,  related  forms, 
are  probably  due  to  aggregation,  around  some  foreign  body  as  a  nucleus, 
of  the  solution  of  the  spicula  of  sponges  and  the  siliceous  shells  of  infu- 
soria. As  sponges  existed  in  the  seas  of  the  Niagara  period,  they  were 
probably  one  of  the  sources  of  the  chert  so  abundant  in  some  of  the 
strata. 

Across  the  road,  Mr.  S.  R.  Frankbone  is  working  a  quarry  which  gives 
the  following : 

8ECTI0N   AT    PRANKBONK's  QUARRY. 

Soil * 5  ft.    0  in. 

Gray,  argillaceous  limestone,  strata  2  to  3  inches  thick  ...  5  ft.    0  in. 

Bluiph  limestone,  strata  2  to  3"  inches  thick 4  ft.    0  in. 

Bluish  limestone 0  ft.    4  in. 

Blue  limestone 0  ft.    6  in. 

Blue  limestone *   *    .   .  0  ft.    2  in. 

Blue  limestone '   '   .   .  0  ft.  12  in. 

Blue  limestone 0  ft  10  in. 

Brownish  slate,  varying  to  black  or  blue  calcaieoas  ....  0  ft    2  in. 

Blue  limestone 0  ft.    4  in. 

Blue  limestone 0  ft.  10  in. 

Blue  limestone 0  ft    2  in. 

Blue  limestone 0  ft    6  in. 

Blue  limestone 0  ft    6  in. 

Blue  limestone 0  ^t.    8  in. 


Total •   • 20  ft    Oin. 

About  three  thousand  perch  are  quarried  here,  annually.  Some  of  the 
thinner  strata  are,  in  places,  quite  slaty,  and  ring  under  the  hammer  like 
a  clinkstone.     Both  these  quarries  yield  some  good  flagging. 

One  and  one-fourth  miles  below  this  point,  on  the  east  bank  of  the 
river,  Mr.  S.  Secrist  quarries  about  one  thousand  four  hundred  perch, 
yearly.  The  strata,  here,  are  thicker  than  at  McKinne3r's  but  softer,  and 
the  argillaceous  layers  have  been  removed  by  erosion. 


10— Gfol. 
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SECTION   AT  SECRIST^S  QUARRY. 

Soil 4  ft.    0  in. 

Bluish  limestone 0  ft.    8  in. 

Blaish  limestone,  in  4  layers 0  ft.  14  in. 

Bluish  limestone,  argillaceous 0  ft.  12  in. 

Bluish  limestone 0  ft.  18  in. 

Bluish  limestone 0  ^t*  16  in. 

Bluish  limestone 0  ft.  18  in. 

Total 11  ft.    2  in. 

This  rock  hardens  ou  exposure  and  becomes  a  durable  building  stone. 
Efforts  have  been  made  to  produce  a  hydraulic  cement,  but  without  suc- 
cess.    It  is  said,  however,  to  make  a  very  fair  firestone. 

A  short  distance  below  here,  Dr.  Lewis  Williams  is  working  a  quarry 
which  corresponds  to  the  one  just  given,  except  that  the  upper  layers 
produce  fine  flags,  their  rough  sur&ces  showing  nicely  the  jointed  suture. 

Three  and  one-half  miles  below  Marion,  Mr.  C.  W.  Bowman  b  work- 
ing an  outcrop  which  resembles  the  one  near  Marion,  but  only  about  four 
and  one-half  feet  of  the  lower  strata  are  suitable  for  buildings.  Portions 
of  the  upper  layers  are  used  for  wells.  The  strata  are  quite  cherty,  and 
the  stone  from  the  lower  beds  hard  and  refractory.  About  ten  feet  is  the 
depth  to  which  this  is  worked. 

A  short  distance  north  of  here,  near  the  summit  of  the  hill,  is  an  out- 
crop of  a  yellowish,  massive  limestone,  very  unevenly  bedded  and  over- 
lying the  blue  rock  and  argillaceous  limestone.  It  forms  the  summit  of 
the  rocky  series  exposed  in  the  county,  and  shows  a  change  from  the 
muddy  sea,  in  which  the  strata  beneath  were  deposited,  to  one  of  clear 
waters,  filled  with  corals  and  other  forms  of  life ;  but,  like  a  coral  reef 
exposed  to  the  waves  from  a  deeper  sea,  their  forms  have  been  reduced 
to  a  condition  of  fine  sand,  and  then  cemented,  forming  a  massive  lime 
rock.  It  is  probable  that  the  exposures  near  Mier  and  in  Franklin  town- 
ship belong  to  this  rock,  though  differing  in  color  at  the  place  last  named. 
Some  lime  has  been  burned  from  this  outcrop,  but  the  kilns  are  all  aban- 
doned. Probably,  with  care  in  the  selection >  avoiding  the  chert,  good 
lime  might  be  pixxluced.  Here  were  found  the  trilobites  Cdymene  Niaga- 
rensis  and  lUcmus  loxus^  liecepUundites  hemisphericus^  Alveolites  Niagaremis, 
EridophyUum  rugoeumf  FavosUea  Niagarensis,  F.  obliqaus^  HalysUes  catenu- 
laius,  HdidUes  intentinctus,  Atrypa  reticularis^  Meristina  nttida,  Meristina 
Marion 

This  place  affords  a  complete  section  of  the  rocky  series  exposed  in  the 
county,  for,  across  the  river,  is  the  best  exposure  of  the  blue  limestone 
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Yellowish  limestone,  nnevenly  bedded,  siliceous 6  ft. 

Yellowish-graj  limestone,  silecions,  massive,  looking  like  a  sand- 
stone at  a  distance 10  ft. 

Acrom  the  river,  and  beneath  the  last,  a  bluish  argillaceous  lime- 
stone, more  properly  a  calcareous  shale 15  ft 

Bluish  green  limestone,  strata  from  2  inches  to  3  feet  in  thickness  .  10  ft 

Total .     41ft 

The  lower  twenty-five  feet,  although  representing  the  same  strata  that 
are  exposed  in  the  quarries  near  Marion,  have  their  upper  portion  so 
heavily  charged  with  alumina  that  they  rapidly  disintegrate  upon  ex- 
posure to  the  atmosphere.  No  marked  line  can  be  drawn  separating  the 
upper  fifteen  feet  from  the  lower  ten  feet,  as  the  change  from  the  shaly 
upper  strata  to  the  lower  harder  and  more  massive  beds  is  gradual.  The 
lower  portion  has  a  conchoiSal  fracture,  as  shown  in  the  talus.  Certain 
of  the  strata  would,  no  doubt,  be  desirable  for  architectural  purposed,  if  it 
were  not  for  the  thickness  of  the  overlying  mass  of  worthless  material. 
The  current  of  the  river  is  such  that  the  talus  is  removed  nearly  as  fast  as 
formed,  and  a  vertical  face  is  thus  presented. 

These  beds  of  blue  or  bluish-green  limestone  form  one  of  the  most  per- 
sistent and  valuable  portions  of  the  Niagara  group  exposed  in  Indiana. 
It  everywhere  presents  nearly  the  same  characteristics — heavy,  massive 
beds  below,  gradually  changing  to  a  calcareous  shale  or  an  argillaceous 
limestone  above.  The  variations  observed  in  the  color  of  the  difierent 
strata  is  due,  in  great  part,  to  oxidation  of  the  iron  which  they  contain. 
The  lower  strata  have  almost  invariably  a  bluish-green  color,  occasionally 
changed  to  a  light  drab  or  stained  with  iron,  while  the  upper  layers  are 
of  a  gray  or  whitish  color,  only  occasionally  bluish.  The  upper  portion 
has  very  little  economic  value,  as  only  occasionally  are  the  beds  of  suffi- 
cient thickness  or  of  such  a  quality  as  to  render  them  fit  for  even  the 
lighter  purposes  of  masonry.  In  Delaware  county,  portions  of  the  upper 
strata  are  sufficiently  free  from  silica  and  alumina  to  make  a  lime  of  fiur 
quality ;  in  fact,  all  the  lime  burned  in  that  county  comes  from  the  upper 
layers.  The  lower  strata  afford  nearly  all  the  building  stone  of  Eastern 
Indiand.  They  are  undoubtedly  the  western  extension  of  the  &mous 
Springfield  beds  of  Ohio,  and  I  have  given  them,  in  the  General  Section, 
that  name,  as  they  are  the  same  strata  to  which  Prof.  Orton  assigned  that 
name  in  Ohio.  Everywhere  throughout  Eastern  Indiana  these  beds 
yield  a  good  building  stone,  and  in  some  localities  in  Marion,  Decatur 
and  Franklin  counties  it  is  hardly  surpassed,  either  in  beauty  or  durabil- 
ity, by  Indiana's  famous  oolitic  limestone.  It  is  almost  an  inexhaustible 
mine  of  wealth. 
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The  upper  portion  of  the  section  last  given  is  the  probable  equivalent 
of,  at  least,  the  lower  part  of  the  Guelph  limestone  of  Canada,  or  the 
Cedarville  beds  of  the  Ohio  geologists.  Although  chertj  at  this  locality, 
this  portion  of  the  Niagara  is  as  noted  for  the  excellent  lime  which  it  pro- 
duces as  the  Springfield  beds  are  for  building  stone.  It  has  not  yet  been 
identified  south  of  Delaware  and  Madison  counties.  In  Decatur  and  Mad- 
ison counties,  the  Devonian  rocks  immediately  overlie  the  Springfield  beds. 
Throughout  Northeastern  Indiana,  south  of  the  Wabash  River,  it  is  the 
surface  rock  over  a  greater  part  of  Randolph,  Jay,  Wells,  Blackford, 
Grant,  Huntington,  Miami  and  Wabash  counties.  This  portion  of  the 
Niagara  is  its  only  true  coral-reef  formation.  The  change  from  the  muddy 
sea,  in  which  the  upper  portion  of  the  Springfield  beds  were  deposited,  to 
the  clear  seas  of  this  coral-reef  epoch,  is  marked.  The  rock  is  one  mass 
of  broken  and  pulverized  shells  and  corals.  North  of  Grant  county  it  is 
probable  that  this  part  of  the  Niagara  is  thicker,  as  a  white  limestone  is 
said  to  overlie  it  along  the  Wabash  River,  and  forms  th^  summit  of  the 
Niagara  group  of  Indiana. 

So  far  as  at  present  determined,  the  Niagara  group  of  Central  Eastern 
Indiana  is  composed  of  the  following : 

Guelph  or  Cedarville  beds 20  ft. 

Springfield  beds 40 

Niagara  shale 10  to  15 

The  last  named  forms  the  base  of  the. Niagara  group,  as  determined  by 
0r.  Elrod  in  his  Report  of  Decatur  county,  in  the  Geological  Report  for 
1882.  This  section  would,  probably,  require  some  modification  in  the 
construction  of  a  General  Section  of  the  whole  Niagara  group  of  the  State, 
as  the  character  of  the  strata  vary  somewhat  along  the  Ohio  River,  and 
it  is,  at  present,  difficult  to  tell  whether  the  Waldron  shale  belongs  to  the 
Springfield  beds  or  to  the  Guelph.  No  exposure  of  the  Niagara  shale 
occurs  in  this  county,  as  the  bottom  of  the  quarries  barely  reach  the  base 
of  the  Springfield  beds. 

It  will  be  of  interest  to  most  readers  to  learn  that  the  quarry  rock  ex- 
posed north  of  Marion,  along  the  river,  is  probably  the  westward  exten- 
sion of  the  strata  over  which  the  torrent  flows  at  Niagara  Falls  ( there 
ninety  feet  thick,  and  the  shales,  below,  sixty  feet). 

I  have  thought  best  to  digress  somewhat  from  the  Report  of  this  county, 
in  order  to  give  an  explanation  of  the  relation  the  rocks  of  this  county 
sustain  to  the  Niagara  group  as  a  whole. 

About  one  mile  below  Mr.  Bowman's  quarry,  Mr.  John  Mellott  is 
taking  out  a  fine  building  stone.  The  shaley  layers  have  mostly  been  re- 
moved by  erosion,  and  the  thick  and  valuable  beds  are  easily  accessible. 
Stone  from  this  quarry  was  used  for  the  abutments  of  the  bridge  which 
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ispans  the  river  at  this  point,  and  it  shows  no  evidence  of  disintegration  as 
yet.  The  fossils  found  here  are  the  same  as  those  at  Mr.  McKinney's 
quarry. 

SECTION  AT  MKLLOTT's    QUARRY. 

Gray  argillaceous  limestone,  UDeven  bedded,  varying  from  2 
to  8  inches  thick ;  breaks  into  irregular  blocks ;  worth- 
less    .   :  7  ft.     0  ill. 

Blue  limestone 0  ft.    8  in. 

£Iue  limestone 0  ft.  12  in. 

Blue  limestone 0  ft.*13  in. 

Blue  limestone 0  ft.  11  in. 

Blue  limestone 0  ft.  12  in. 

Blue  limestone 0  ft.  12  in. 

Blue  limestone 0  ft.  12  in. 

Blue  liipestone 0  ft.  14  in. 

Total 14  ft.  11  in. 

Below  this  point,  rock  is  exposed  at  intervals  in  the  hed  of  the  river, 
but  is  not  quarried  to  any  extent. 

About  one-half  mile  south  of  Mier  is  an  outcrop,  near  Pipe  Creek.  It 
is,  here,  a  yellowish  limestone,  in  thin  layers  and  unevenly  bedded. 
Some  of  the  lower  strata  furnish  the  principal  building  stone  used  in  this 
vicinity.  Rock  is  near  the  surfiice  over  quite  an  area,  as  it  is  frequently 
struck  in  digging  wells.  In  section  9,  Franklin  township,  is  an  exposure 
of  a  whitish  rock,  in  strata  from  one  to  four  inches  thick.  Preparations 
:are  now  being  made  to  work  this  quarry  on  an.  extensive  scale,  as  the 
rock  has  proved  durable.  Trials  show  that  it  produces  lime  of  an  excel- 
lent quality.  This  is  the  purest  limestone  seen.  Being  free  from  silica 
snd  alumina,  it  would  probably  yield  a  superior  lime,  and  there  need  be 
but  little  waste,  as  that  not  suitable  for  architectural  uses  could  be  cal- 
•cined,  and  the  quarry  thus  be  very  profitable. 

Limestone  is  frequently  found  near  the  surface  for  a  number  of  miles 
south  of  here.  An  exposure  occurs  about  midway  between  Marion  and 
Jonesboro',  but  it  is  the  blue  rock,  and  similar  to  that  below  Marion. 

The  drift  has  brought  many  Devonian  and  Niagara  fossils  here,  either 
£rom  rock  which  once  covered  the  county  or  from  the  destruction  of  that 
formation  to  the  north  and  east.  Among  them  were  Acei'mdaria  David- 
^ani,  OystiphyUum  Americanumy  Diphyphyllum  cce^pUomm,  Eridophyllum 
rugoswny  FavosUes  Emmond,  and  Lyellva  Americana,  These  corals  are 
the  petrified  wasps-nests,  honey-combs,  roots,  etc. ,  of  common  parlance. 
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ECONOMIC  GEOLOGY. 


TIMBER. 


In  common  with  all  the  counties  of  Eastern  Indiana,  timber  is  abund- 
ant, and,  if  the  growth  of  a  dense  forest  is  an  indication  of  strength  of 
soil,  there  need  have  been  no  apprehensions  on  the  part  of  the  first  set- 
tlers. The  dense  forest  has  been  a  detriment,  so  &r  as  the  early  settle- 
ment of  the  county  is  concerned.  People  would  rather  go  Airther  west, 
and  locate  on  the  prairie,  than  spend  so  much  time  and  labor  clearing  it 
up.  But,  now,  with  the  development  of  the  county  and  the  demand  for 
lumber,  our  forests  are  a  source  of  profit.  All  the  more  common  varie- 
ties are  found  here,  about  equally  represented. 


LIME. 

Very  little  of  this  material  is  burned  at  present,  most  of  the  limestone 
containing  too  much  silica  or  alumina ;  however,  with  care  in  the  selec- 
tion of  the  rock,  it  may  be  produced  of  feir  quality.  Possibly,  some  of 
the  argillaceous  limestone  would  make  hydraulic  cement,  if  carefully 
tested.  • 

CLAY. 

An  abundance  of  this  material  is  present  in  every  township,  suitable 
for  brick  and  tile.  Many  kilns  are  in  operation,  and  miles  of  tile  are  al- 
ready laid,  with  more  in  the  fields  ready.  Probably,  few  counties  in  the 
State  are  doing  more  in  this  direction,  compared  with  what  is  needed. 

ROADS. 

Pikes  are  always  good  highways,  and,  if  this  were  true  of  the  dirt  roads, 
a  great  deal  of  hard  labor  would  be  saved.  Some  of  the  richest  lands 
are  nearly  inaccessible  during  portions  of  the  year.  Money  spent  in  the 
the  construction  of  pikes,  here,  will  be  returned  in  the  increased  value  of 
the  farms.  Quite  a  number  have  been  built,  but  more  are  needed.  Suf- 
ficient gravel  can  be  found  in  every  township,  if  carefully  looked  for. 
Many  of  the  swamps  are  underlaid  with  gravel,  and,  even  if  pumps  have 
to  be  used,  it  will  pay  better  than  to  haul  gravel  &r,  or  to  go  without  the 
pikes. 

AGRICULTURE. 

t 

*  *) 

The  soils  are  all  derived  from  the  alluvial,  lacustral,  or  drift  deposits; 
the  latter  are  mostly  clays  mixed  with  vegetable  humus  (mold),  and  con- 
stitute by  far  the  greater  part.     The  alluvial  soils,  formed  by  streams,  are 
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principally  fine  sand  and  clay,  mingled  with  organic  matter.  The  lacus- 
tral  soils  consist  of  the  black  muck  and  peat  of  the  swamps,  with  the 
finer  material  washed  from  the  higher  lands.  Every  farm  has  more  or 
less  of  these  different  soils. 

The  principal  productions  for  1881  were — Wheat,  482,035  bushels; 
com,  1,218,049  bushels;  oats,  149,499  bushels;  flaxseed,  31,907  bushels; 
potatoes,  24,020  bushels.  The  prevalence  of  black  soil  in  the  eastern, 
western,  and  southern  portions  of  the  county,  renders  com  a  profitable 
crop,  as  the  yield  is  large. 

The  county  is  capable  of  largely  increasing  all  its  productions,  but 
ditches  must  be  dug,  and  tile  laid,  in  order  to  redeem  the  wet  lands. 
The  &rms  most  recently  brought  under  cultivation  produce  the  best  crops, 
while  many  fields,  long  cultivated,  show  a  marked  deterioration  in  pro- 
duction. There  is  a  reason  for  this,  that  ought  to  be  plain  to  every 
&rmer ;  for  as  surely  as  crops  are  harvested,  and  nothing  or  little  returned, 
so  surely  will  there  be  a  decrease  in  the  fertility  of  the  soils.  No  skillful 
rotation  of  crops,  underdraining  or  subsoil  plowing  will  save  the  soils  of 
Indiana  from  deteriorating,  unless  attention  is  given  to  the  use  of  fertiliz- 
ers. We  have  only  to  look  to  the  older  settled  States  and  portions  of  In- 
diana, where  once  the  soil  was  equal  to  our  own,  to  see  thousands  of 
acres  that  fail  to  yield  the  fiirmer  a  fair  remuneration  for  his  labor.  The 
potash,  lime,  soda  and  phosphoric  acid  has  been,  in  great  part,  removed 
either  in  the  wheat,  com,  oats,  rye,  potatoes,  hay,  flax,  or  as  beef,  pork, 
or  fine^horses,  and  but  little  retumed  to  the  soil.  To^iay,  in  every  coun- 
ty, are  hundreds  of  acres  that  are  fitst  losing  their  mineral  and  organic 
material,  and  they  can  not  yield  more  than  one-half  a  crop.  Portions  of 
Sew  Jersey  was  once  a  barren  waste,  but  a  judicious  use  of  marls  and 
other  fertilizers  has  rendered  them  among  the  most  productive  lands  in 
the  State.  Observations  made  where  dairying  or  stock  raising  is  carried 
on,  show  that  even  closely  pastured  lands  will  lose  their  strength,  and 
that  the  attempt  to  restore  lost  fertility  to  worn  out  soils,  by  returning  them 
to  pastures,  is  neither  very  efiective  nor  profitable.  The  soils  of  Indiana 
are  a  source  of  immense  wealth,  and,  as  yet,  we  have  hardly  begun  to 
draw  upon  their  resources,  but,  as  deterioration  has  already  begun,  it  is 
time,  to  sound  the  alarm.  Fertilizers  ought  to  be  used  now,  for  it  is  easier 
and  better  to  maintain  fertility  than  to  restore  it  when  lost. 

An  average  of  many^  analyses  show  that  the  grain,  chafiT  and  straw  of 
one  bushel  of  wheat  weigh  136  pounds,  but  when  reduced  to  ashes,  5f 
pounds,  which  is  mineral  matter  absorbed  from  the  soil.  Every  bushel 
of  wheat  grown  removes  nearly  three-quarters  of  a  pound  of  phosphoric 
acid,  nine-tenths  of  a  pound  of  potash,  one-fifth  of  a^und  of  magnesia, 
and  one-fifth  of  a  pound  of  lime.  Oats  contain  a  large  amount  of  silicic 
acid,  fiur  exceeding  any  of  the  other  grains.  Potatoes  double  the  amount ' 
of  potash.    Lime,  potash  and  magnesia  predominate  in  tobacco.     Flax 
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and  buckwheat  are  the  most  exhaustive  crops  raised ,  as  they  extract  front 
the  soil  more  potash,  lime,  magnesia  and  phosphoric  acid  than  either 
wheat,  corn,  oats  or  grass;  hence  the  fallacy  of  attempting  to  redeem 
poor  and  worn-out  soils  by  raising  a  crop  of  buckwheat  simply  because  it 
leaves  the  ground  mellow  and  black.  No  plant  has  the  power  to  manu^ 
facture  any  of  the  elementary  substances;  it  can  only  select  such  as  are 
in  the  soil.  And  one  plant  succeeds  better  than  another,  other  thinga 
being  equal,  because  it  hajs  greater  power  of  selection,  or  because  the 
physical  condition  of  the  soil  is  better  adapted  to  its  growth.  But  since 
plants  have  the  power  of  selection,  in  a  state  of  nature,  they  choose  such 
as  are  best  adapted  to  their  wants ;  even  then,  when  the  soil  deteriorates^ 
others  less  choice  in  their  food  will  take  their  place.  A  &miliar  example 
of  this  may  be  seen  in  meadows  where  the  white  daisy,  fleabanes,  Ertgeran 
annuum  and  strigomm  have  run  out  the  meadow  grasses. 

Most  soils  have  all  the  elements  necessary  for  the  supply  of  mineral 
matter  for  the  growth  of  crops,  but  the  physical  condition  must  be  such 
that  heat  and  moisture  find  easy  access,  thus  not  only  favoring  chemical 
change  in  the  soil,  but  hastening  the  growth  of  vegetation.  It  is  of  great 
importance  that  the  ground  should  be  /elieved  of  its  surplus  water  in  or- 
der for  the  above  conditions  to  be  present.  This  leads  to  the  subject  of 
underdraining,  the  beneficial  effects  of  which  are  no  longer  doubted,  as  it 
has,  over  and  over  again,  been  demonstrated  that  nearly  all  soils  are  ben- 
efited by  the  judicious  use  of  tile.  Every  farmer  realizes  the  benefits  de- 
rived from  draining  the  swamps;  for  no  matter  how  rich  a  soil  may  be,  it 
can  not  produce  good  crops  if  saturated  with  water  the  greater  part  of  the 
year.  Where  the  excess  of  water  in  the  soil  finds  an  easy  escape,  the  sea- 
son of  growth  is  lengthened  (sooner  worked  in  the  spring  and  later  in  the 
fiill) ;  besides,  crops  are  not  so  liable  to  winter-killing,  because,  without 
moisture,  ice  does  not  form,  and  cold,  without  ice,  seldom  injures  the 
roots  of  plants. 

The  principal  mineral  ingredients  of  all  soils  are  silicate  of  alumina,, 
with  varying  amounts  of  potash,  lime,  magnesia,  iron,  phosphoric  acid 
and  organic  matter.  They  may  have  all  the  mineral  substances  necessary^ 
but  if  they  lack  organic  material  they  will  be  unproductive.  Carbon  diox- 
ide is  as  necessary  for  the  growth  of  plants  as  mineral  matter,  and  the  de- 
composition of  organic  material  produces  it.  It  also  renders  the  soil  mel- 
low, and  enables  the  roots  to  penetrate  deeper  ahd  give  access  to  the  at- 
mosphere, and  thus  favors  those  chemical  changes  in  the  mineral  sub- 
staqces  which  renders  them  soluble,  besides  replenishing  the  supply  bjr 
decomposition  of  the  comminuted  rocky  material,  ground  in  the  glacial 
mill.  All  soils  possess  more  or  less  of  the  proper  mineral  substances  nec- 
essary for  the  growth  of  plants,  but  as  they  are  supplied  with  only  a  lim- 
ited amount  of  each,  it  is  easily  seen,  where  but  little  is  returned  and  the 
cropping  successive,  that  the  loss  is  constant,  and  finally  detrimental  to 
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the  vigorous  growth  of  crops.  There  are  occasionally  patches  of  soil  that 
49eem  to  produce,  year  after  year,  with  but  little  diminution  of  fertility ; 
but  they  are  the  exception,  not  the  rule. 

Where  farmers  harvest  annually  from  fifty  to  one  hundred  acres  of 
^rain,  it  is  not  probable,  even  with  the  most  careful  saving  of  the  manures 
from  the  barn,  that  enough  can  be  obtained  to  supply  the  waste  from  the 
fields,  and  it  is  necessary  that  other  means  be  used  to  restore  lost  fertility — 
plowing  under  green  crops,  the  use  of  lime,  ashes,  or  guano.  A  great 
part  of  the  value  of  organic  fertilizers  depends  on  the  amount  of  potential 
ammonia  they  contain,  as  produced  in  their  decomposition,  but  the  min- 
eral fertilizers  evidently  supply  deficiencies  in  the  soil,  as  well  as  bring  into 
activity  chemical  actions.  In  limestone  regions,  lime  can  usually  be  ob- 
tained for  the  burning,  at  very  little  expense.  Peat  or  muck  is  easily  ac- 
<5es8ible  in  most  localities,  though,  owing  to  the  salts  of  iron  in  it,  it  ought 
to  be  exposed  to  the  atmosphere  for  a  while  before  spreading  on  the  land. 
<5uano  or  hen  manure  is  one  of  the  most  valuable  of  fertilizers,  being  rich 
in  phosphoric  acid  and  ammOnia.  Wood  ashes  applied  to  the  land  show 
their  beneficial  effects  for  years. 

ARCHAEOLOGY. 

A  little  north  of  Jonesboro',  on  the  bluffs  of  the  river,  are  two  or  three 
small  tumuli,  which  contained  a  few  beads,  along  with  the  bones,  ashes, 
and  charcoal,  so  common  in  this  class  of  works.  Quite  a  number  of  axes, 
arrow-heads,  etc.,  have  been  found  in  the  vicinity. 

In  section  33,  Monroe  township,  and  in  Van  Buren  township,  near 
Black  Creek,  are  a  number  of  small  mounds  similar  to  those  described. 
One  or  two  small  ones  are  situated  on  the  bluffs,  east  of  the  river,  near 
Marion.  The  largest  in  the  county,  however,  were  situated  near  where 
the  court  house  now  stands,  and  in  the  city  cemetery. 

Relics  are  found  in  nearly  all  parts  of  the  county,  and,  through  the 
kindness  of  Mr.  L.  A.  Wallace,  the  State  cabinet  received  some  fine 
specimens. 

THANKS. 

The  writer  is  under  obligations  to  Mr.  D.  R.  McKinney,  who  allowed 
bim  to  take  such  fossils  as  he  wished.  Mr.  Wm.  Neal,  County  Surveyor, 
gave  information  in  reference  to  all  parts  of  the  county,  such  as  only  an 
intelligent  person,  with  a  life-long  experience  and  familiarity,  could  give. 
Mr.  L.  A.  Wallace  has  already  been  mentioned  as  a  donor  of  relics.  Mr. 
E.  L.  Goldthwait  rendered  great  assbtance.  Thanks  are  due  to  all  the 
people  of  the  county  who  gave  information  cheerfully. 
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TERMS  COMMONLY  DSED  IN  GEOLOGICAL  RffORK. 


SUQGESTEO  AND  LARQELV  PREPARED  Br 


"W.  T.  S.  CORNETT,  M.  D. 


Ac<;retion.  The  process  by  which  in- 
organic bodies  grow  larger,  by  the  ad- 
dition of  fresh  particles  from  the  out- 
side. 

AcxjTYLEDON.  A  plant  in  which  the 
seed-lobes  (cotyledons)  are  not  present, 
or  are  indistinct,  like  the  fern,  lichen, 
and  most  of  the  coal  plants. 

AcROOENS.  Plants  which  increase  in 
height  by  additions  made  to  the  sum- 
mit of  the  stem  by  the  union  of  the 
bases  of  the  leaves.  The  highest  tribe 
of  OiyptogaftWy  such  as  SigiliariOj  Lepi- 
(fodendria,  CnlamiteSf  FemSj  etc. 

Aeorolite.  A  stone  or  other  body 
which  has  fallen  from  the  air,  or, 
more  correctly,  has  come  to  the  earth 
from  distant  space;  a  meteorite. 

Agate.  A  semi-pellucid,  uncrystallized 
quartz. 

Alg^  Marine  plants,  comprising  the 
seaweeds  and  many  fresh-water  plants. 

Alluvium.  Earth,  sand,  gravel,  loam, 
vegetable  mould,  etc.,  washed  down 
by  streams  and  floods,  and  deposited 
upon  formations  not  permanently  sub- 
merged. 

Alumina.  A  characteristic  ingredient 
of  ix>mmon  clay. 


Aluminous.  Pertaining  to  or  contain- 
ing alum,  or  alumina.  The  clay  slatea 
are  very  jfrequently  impregnated  with 
alum,  and  are  then  called  alnm-^lates 
or  alum-shales. 

Ammonite.  An  extinct  genus  of  Cephal- 
opodttf  like  the  Nautilus,  found  in  the 
Secondary  or  Mesozoic  rocks ;  so  called 
from  the  resemblance  of  its  shell  ta 
the  horns  of  Jupiter-Ammon. 

Amorphous.  Bodies  devoid  of  regular 
or  determinate  form.  A  name  some- 
times used  to  designate  the  sponges. 

Amphibia.  Animals  capable  of  living 
either  in  water  or  un  land,  like  the 
frogs,  newts,  lizards,  turtles,  certain 
serpents,  etc. 

Amygdaloid.  A  rock  in  which  crys- 
tallized minerals  are  scattered  in  al- 
mond-shaped cavities. 

Anticlinal.  The  crest  or  line  in  which 
strata  dip  in  opposite  directions. 

Arqillacbous.  Clayey;  composed  in 
whole  or  in  part  of  clay. 

Articulata.  Animals  characterized  by 
the  possession  of  jointed  bodies  or 
jointed  limbs. 

Auriferous.    Containing  gold. 
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Azoic  Rocks.  Rocks  formed  before  the 
existence  of  organic  life,  or,  at  least, 
of  animal  life,  consequently  destitute 
of  fossil  remains. 

Basin.  An  isolated  or  circumscribed 
formation,  particularly  where  the  stra- 
ta dip  inward,  on  all  sides,  toward 
the  center.  Especially  applied  to  the 
coal  formations,  called  "coal-basins'^ 
or  "coal-6eld8." 

Batrachia.  The  order  of  reptiles 
which  includes  the  frog  and  related 
animals. 

Bellerophon.  a  genus  of  Oasieropoda, 
having  a  univalve  sh*-ll,  found  in  the 
Paleozoic  rocks. 

Bituminous  Shale.  Shale  impregnated 
with  bitumen;  usually  of  a  dark 
brown  or*black  color. 

Bivalve.  Consisting  of  two  plates  or 
valves,  hinged  together  with  an  elastic 
ligament. 

Bowlders.  Rocks,  rounded  or  other- 
wise, which  have  been  trans^rted 
from  more  or  less  distant  localities  by 
natural  agencies,  especially  during 
the  Drift  period. 

Bowlder  Clay.  The  stiff,  unlaminated 
clay  of  the  Drift  period. 

Brachiopoda.  a  class  of  marine  mol- 
luhks,  characterized  by  two  fleshy 
arms,  continued  from  the  sides  of  the 
mouth,  and  which  served  to  create 
currents  to  bring  them  food. 

Calamite.  Extinct  plants,  with  reed- 
like stems,  sometimes  attaining  a  di- 
ameter of  fourteen  inches  and  the 
height  of  trees,  found  almost  entirely 
in  Uie  Coal  Measures. 

Calcareous.  Consisting  of  or  contain- 
ing carbonate  of  lime. 

Calcite.  Crystallized  carbonate  of  lime. 
Common  limestone,  all  the  white  and 
most  of  the  colored  marbles,  calc-sin- 
ter,  calc-spar,  calc-tufa,  stalactites, 
and  stalagmites  are  so  classified. 

Carapace.  A  protective  shield.  The 
upper  shell  of  the  tortoise,  turtle,  crab, 
lobster  and  other  Crustacea. 

Carbonate.  A  sslt  formed  by  the  union 
of  carbonic  acid  with  a  base. 

Carboniferous.  Producing  or  contain- 
ing carbon  or  coal. 

Carboniferous  Age.  The  one  immedi- 
ately following^he  Devonian  Age,  or 
Age  of  Fishes,  and  characterised  by  the 
vegetables  which  formed  the  coal  beds. 
This  Age  is  divided  into  the  Subcar- 
boniferous,  the  Coal  Measure  and  the 
Permian  epochs. 


Carboniferous  Period.  The  second, 
or  middle,  division  of  the  Carbonifer- 
ous Age. 

Carinated.  Shaped  like  the  keel  of  a 
ship.  Applied  to  .flowers  consisting 
of  two  petals,  either  separate  or  unit- 
ed, inclosing  the  organs  of  fructifica- 
tion, and  which  have  a  longitudinal 
prominence  like  a  keel. 

Carpolite.  Petrified  fruit.  Literal 
meaning,  **stone  fruit." 

Cenozoic.  Belonging  to  the  Tertiary 
period,  and  means  "recent  life." 

Centimetre.  A  French  measure  of 
length,  equal  to  .39368  of  an  inch. 

Cephalopoda.  A  class  of  the  MoUutoa^ 
comprising  the  cuttle-fishes  and  their 
allies,  and  characterised  by  a  distinct 
head,  surrounded  by  a  circle  of  long 
arms  or  tentacles,  which  they  use  for 
crawling  and  for  seizing  objk^ts. 

Chert.  An  impur«»,  massive,  flint-like 
quartz,  or  homstone,  of  various  dull 
shades  of  color. 

Chonbtes.  a  genus  of  fossil  bivalve 
shells,  of  the  class  Brxiehiopoda, 

Cincinnati  Group.  The  upper  divi- 
sion of  the  Lower  Silurian  system. 
Same  as  Hudson  River  Group. 

Cleavage.  That  peculiar  structure  in 
rock  which  admits  of  its  division  in- 
to scales  or  layers. 

Coal  Basin.  Depressions  formed  in  the 
older  rock  formations,  in  which  coal- 
bearing  strata  have  been  deposited. 

Coal  Measures.  Strata  of  coal,  with 
the  attendant  rocks. 

CcELENTERATA.  Proposcd  by  Frey  and 
Lenckhart,  in  place  of  the  old  term 
EadiaiOj  for  animals  having  "  hollow 
bowels,"  which  this  term  literally 
means. 

CoNCHiFERA.  A  SDCcies  of  the  MoUusea 
having  shells  witn  a  dorsal  hinge,  like 
oysters,  clams,  mussels,  and  other  or- 
dinary bivalves.  Literal  meaning,  "to 
bear  a  shell." 

Conformable.  Parallel,  or  nearly  so ; 
said  of  strata  which  lie  in  contact. 

C/ONGLOMKRATE.  A  rock,  composed  of 
pebbles  cemented  together  by  another 
mineral  substance,  either  calcareous, 
siliceous  or  argillaceous. 

CoNiFERA.  The  order  of  the  firs,  pines 
and  their  allies,  in  which  the  fruit  is 
generally  a  "cone"  or  "fir-apple"; 
literally,  "I  carry  a  cone." 

Contorted.  Strata  which  have  been 
bent  or  twisted  while  in  a  soft  and 
yielding  condition. 
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GLOSSARY. 


CoPBOLiTES.  Fossilized  ezcremento  of 
animalfl. 

Coral.  The  solid  secretion  of  soophytes, 
produced  within  the  tissues  of  the  po- 
lype, and  eorresponding  to  the  skeleton 
in  higher  animals.  It  consists  almost 
purely  of  carbonate  of  lime. 

CoRAXLiNB  Zone.  That  zone  of  marine 
life  which  extends  from  about  90  feet 
to  300  feet  in  depth. 

CoRALLUM.  The  coral  or  solid  part  of 
a  zoophyte,  whether  composed  of  stone 
or  horn. 

Crag.  A  partially  compacted  deposit 
of  the  older  Tertiary  formation,  con- 
sisting of  sand  and  shells. 

Cretaceous.  Having  the  qualities  of 
chalk;  the  uppermost  or  last  of  the 
Secondary  formation. 

Crinoidba.  An  order  of  lily-shaped 
marine  animals,  belonging  to  the  sub- 
kingdom  Hadiata.  They  generally 
grow  tittached  to  the  bottom  of  the 
sea  by  a  jointed  stem,  though  some 
are  free. 

Crustacea.  One  of  the  classes  of  the  Ar- 
ticulataj  comprising  lobstern,  shrimps, 
and  crabs,  characterized  by  the  pos- 
session of  a  hard  shell  or  crust,  cov- 
ering the  body,  legs,  etc. 

Cyathiform.  In  the  form  of  a  cup  or 
drink ing-gl ass,  a  little  widened  at  the 
top. 

Cyathophyllum.  Cup-shaped,  rugose 
corals,  very  abundant  in  the  rock  for- 
mations of  Indiana. 

Debris.  Broken  and  detached  fragments 
of  rocks,  taken  as  a  mass  or  collect- 
ivt  ly. 

Degradation.  A  gradual  wearing  down 
or  wasting,  as  of  rocks,  banks,  and  the 
like,  by  the  action  of  water,  frost,  etc. 

Denudation.  The  laying  bare  of  rocks 
by  the  action  of  running  water,  or  by 
removing  earth,  etc.;  also,  the  exca- 
vation of  rocks  by  running  waters  or 
by  the  action  of  waves. 

Deposit.  Matter  precipitated  from  sus- 
pension in  water. 

Detritus.  Small  portions  of  matter 
worn  off  from  rocks  by  attrition. 

Devonian.  Applied  to  rock  strata  lying 
next  above  the  Silurian. 

DicoTOMY.    Dividing  regularly  by  pairs. 

Dip.  The  downward  inclination  of 
strata. 

Drift.  A  collection  of  loose  earth,  sand, 
rocks,  or  bowlders,  distributed  over 
a  lar^  portion  of  the  earthen  surface, 
e «pecial ly  in  latitudes  north  of  40°, 


and  which  have  come  from  the  north 
ward,  brought  thence,  mainly,  by  gla- 
cial  action. 

Encrinite.  The  lily-shaped  radiate^ 
crinoid. 

Eocene.  The  lowest  division  of  the 
Tertiarv  rocks,  in  which  but  few  speci- 
mens 01  existing  shells  are  found. 

Eozoic.  A  term  used  for  the  oldest 
fossil-bearing  rocks  yet  known^  such 
as  the  Laurentian  and  Huronian  of 
Canada. 

Epoch.  The  period  during  which  » 
formation  was  produced ;  thus,  geolo- 
gists speak  of  the  Millstone  Grit  epoch,, 
etc. 

Escarpment.  The  steep  face  presented 
by  the  abrupt  termination  oi  strata. 

Fault.  A  sudden  interruption  of  the 
continuity  of  strata  or  veins  in  the 
same  plane,  caused  by  a  crack  or  fis- 
sure. 

Fauna.  The  animals  of  any  given  area 
or  epoch. 

F'avositesI  a  kind  of  fossil  coral,  hav- 
ing a  prismatic  structure  clotiely  re- 
sembling that  of  a  honey-comb. 

Ferruginous.  Containing  iron ;  also,, 
partaking  of  the  cjuality  of  iron. 

Fire-clay.  Any  clay  capable  of  soe- 
taining  intense  heat  witnout  vetrify- 
ing.  Abundant  in  the  Coal  Measures^ 
beneath  each  coal  seam. 

Fissile.  Capable  of  being  split,  cleft*- 
or  divided  in  the  direction  of  the 
grain. 

Flora.  The  system  of  vegetable  species 
native  in  a  given  locality,  region,  or 

.  period;  as  the  Flora  of  the  Coal 
Measures,  etc. 

Fluviatile.  Belonging  to  rivers; 
formed  by  rivers,  as  fluviatile  strata. 

Fluvio-marine.  Formed  by  the  joint 
action  of  a  river  and  the  sea,  as  io- 
the  deposits  at  the  mouths  of  rivers. 

Foliated.  Having  leaves  or  leaf-like 
projections,  as  foliated  shells;  com- 
posed of  thin  laminie  or  layers,  as- 
raica  schist,  schistose,  and  the  like. 

FoRAMiNiFBRA.  A  minute  genus  of  the 
Protozoa^  characterized  by  having  a 
cak^areous  shell  perforated  by  numer- 
ous pores,  or  foramina. 

Formation.  The  series  of  rocks  belong- 
ing to  an  Age,  ]>er^,  or  epoch,  as  the 
Silurian  formation^nd  the  like. 

Fossil.  That  which  may  be  dug  up;; 
the  petrified  form  of  a  plant  or  ani- 
mal in  the  strata  composing  the  suf- 
fice of  the  earth. 
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F08BIUFEROU8.    Containiiip    fossils    or 
organic  remains,  as  fossihferous  rocks. 
FucoiDs.    Fossils  resembling  sea-weeds. 
FrsiFORM.  Shaped  like  a  spindly ;  taper- 
ing at  each  end. 
FUMLINA.  A  ppindle-flhaped  Foraminifer, 
(^ASTEROPOPA.    A    univaWe    mollask, 
having  a  fleshy  ventral  disk,  which 
Herves  to  take  the  place  of  feet,  as  the 
snail. 
Gbmmation.    The  formation  of  a  new 
individual  by  the  protrusion  of  any 
part  of   an    animal  or  plant,  which 
may  then  become  free  or  remain  con- 
nected with  the  parent  stock;  budding. 
Polyps  and  some  other  animals  repro- 
duce by  buds. 
(tencs.     An  assemblage  of  species  pos- 
sessing certain  characters  in  common, 
by  which  they  are  distil guished  from 
all  others. 
CvEODE.    A  rounded  nodule  of  Ktone,  con- 
taining a  small  cavity  usually  lined 
with   crystals,  sometimes   with  other 
matter ;  the  cavity  in  such  a  nodule. 
Gkolooy.     A  science  which  treats  of  the 
materials  which  compose  the  earth, 
the  methods  in  which  those  materials 
have  been  arranged,  and  the  causes 
and  modes  of  origin  of  those  arrange- 
ments. 
Glacier;   Glacial  Riv eh.    A  field  or 
immense  mass  of  ice,  or  snow  and  ice, 
formed   in   the   region  of    perpetual 
snow,  and  moving  slowly  down  moun- 
tain slopes  or  through  valleys,  usually 
bearing  along  bowlders  and  fragments 
of  rock. 
GNEI88.     A  crystalline  rock,  consisting 
of  quartz,  feldspar  and  mica,  but,  un- 
like granite,  having  these  materials 
arranged  in  planes,  so  that  it  rather 
easily  breaks  into  coarse  slabs  or  flags. 
GBANfTE.    A  crystalline  rock,  of    the 
same  materials  with  gneiss,  but  differ- 
ing therefrom  in  these  materials  be- 
ing grainy  and  not  stratified. 
Gypsvm.    Sulphate  of  lime.    Plaster  of 
Paris  is  made  from  this  mineral  by 
calcination. 
Habitat.    The  natural  abode  or  local- 
ity of  an  animal  or  plant. 
Hjematite.    Sesqui -oxide  of  iron.    80 
called  because  of  the  red  color  of  the 
powder. 
Hemipronites.    a  fossil  bivalve  shell, 
sometimes  known  as  the  genua  Strep- 
torkynehu9, 
Hetebocercal.    a  fish  having  the  Ter- 
lebral  column  continued  into  the  up- 


per lobe  of  the  tail,  which  lobe,  on 
this  aoooant,  is  larger  than  the  lower 
one.  Literal  meaning,  "A  diverse 
tail."  This  form  prevailed  in  Paleozoic 
times. 
Hon ocercal  a  fish  in  which  the  ver- 
tebral column  terminates  at  the  com- 
mencement of  the  tail,  the  lobes  of 
which  are  symmetrically  eq^nal.  Lit- 
eral meaning, "  Common  Uil.'' 

Hudson  Riveh  Group.  •  An  upper  di- 
vision of  the  Lower  Silurian  forma- 
tion.   Same  as  Cincinnati  Group. 

FIuMUS.  A  dark  brown  substance  formed 
in  the  soil  by  the  action  of  air  on  solid 
animal  or  vegetable  matter.  It  is  a 
valuable  constituent  of  soils. 

Ichthyology.  1  he  science  of  the  sys- 
tematic arrangement  or  classification 
of  fishes. 

loMEi^UB  RocKB.  Resulting  from  the 
action  of  fire,  such  as  lavas,  basalt, 
trap,  and  the  like. 

Imbricated.  Lying  over  each  other  in 
regular  order,  like  the  scales  of  a  fish 
and  those  on  the  leaf-buds  of  plants. 

I11FU8OBIA.  Microscopic  animals  found 
in  water  and  other  fluids,  multiplying 
by  gemmation. 

Ikobganic.  Devoid  of  an  organised 
vital  structure.  Rocks,  minerals  and 
all  chemical  compounds  are  inorganic 
substances. 

In  situ.  In  its  original  situation.  Said 
of  rocks  which  remain  where  they 
were  formed. 

Invebtebrata.  Animals  without  a 
spinal  column. 

Lacebtian.    The  lizard  species. 

Lacustbal.  Pertaining  to  lakes  or 
swamps. 

Lagoon.  A  marsh,  shallow  pond,  or 
lake,  especially  one  into  which  the 
sea  flows. 

Laminated.  Consisting  of  plates,  scales 
or  layers,  one  over  another. 

Land-slip.  The  sliding  down  of  a  con- 
siderable tract  of  land. 

Lenticulab.  Having  the  form  of  a 
double-convex  lens. 

Lepidodendbon.  a  genus  of  fossil 
cone-bearing  trees,  belonging  to  the 
Carboniferous  Age,  and  so-called  from 
having  their  stems  marked  with  scars 
or  scales,  produced  by  the  falling  off 
of  the  leaves. 

Ijonite.  Mineral  coal  showing  the 
texture  of  wood,  and  found  in  the 
Tertiary  formation. 
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Line  of  Bbaring.  The  directioD  of  the 
strike,  or  outcrop. 

Line  of  Dip.  The  line  of  greatest  in- 
clination of  a  stratum  to  the  horizon. 

LiTHOLOGY.  The  science  which  treats 
of  the  characteristics  and  classifica- 
tion of  rocks. 

Loam.  A  soil  composed  of  siliceous 
sand, clay,  and  carbonate  of  iron,  with 
more  or  l^ss  oxide  of  iron,  magnesia, 
and  various  salts,  and  also  decayed 
animal  and  vegetable  matter. 

Loess.  A  division  of  the  Quaternary 
System,  Lacustral  Age.  Common 
along  the  Mississippi  and  many  of  its 
tributaries. 

Lower  Carboniferohs  Period.  The 
first,  or  earliest,  division  of  the  Car- 
boniferous Age. 

Mammalia.  Vertebrate  animals  that 
suckle  their  young. 

Mammoth.  An  extinct  elephant,  fossil 
remains  of  which  have  been  found  on 
both  American  continents. 

Marl.  A  mixture  of  carbonate  of  lime, 
clay,  and  sand  in  varying  propor- 
tions.    A  valuable  fertilizer. 

Mastodon.  An  extinct  gigantic  maip- 
mal,  resembling  the  elephant,  so  called 
from  the  conical  (nipple-shaped)  pro- 
tuberances on  its  molar  teeth  (grind- 
ers). 

Matrix.  The  earthy  or  stony  substance 
in  which  metallic  ores  or  crystalline 
minerals  are  found. 

Mesozoic.  The  Secondary  period.  Lit- 
eral meaning,  *'  Middle  life.*' 

Met  AMORPHIC.  Rocks  or  minerals 
which  have  undergone  changes  in 
form  or  shape  since  their  original 
deposition ;  usually  applied  to  changes 
made  by  heat. 

Meteorite.  Same  as  Aerolite;  which 
see. 

Metre.  A  French  measure  of  length, 
equal  to  39.368  inches.  (See,  also. 
Centimetre  and  Millimetre.) 

Mica  Slate.  A  schistose  rock,  consist- 
ing of  mica  and  quartz,  with,  usually, 
some  feldspar.  The  lowest  stratified 
rock  except  gneiss.  It  bears  no  fos- 
sils. 

Millimetre.  A  French  measure  of 
length,  equal  to  .039368  of  an  inch. 

MrLLSTONE  Grit,  a  hard,  gritty,  sand- 
stone, a  kind  of  conglomerate,  found 
under  the  Coal  Measures,  sometimes 
containing  quartz  pebbles. 

Miocene.    The  middle  division  of  the 


Tertiary  rocks,  in  which  the  minority 
of  the  organic  fossils   are  of  recent 
species. 
Mollusc  A.    Invertebrate  animals,  hav- 
ing a  soft,  fleshy  body  (whence  the 
name),   which    is    inarticulate,    and 
does  not  radiate  internally.     Includes 
'       the  shell-fish  proper. 
I  Nautilus.      A    fossilized    and    living 
genus  of  the  Molluscan  Cephalopods. 
Niagara  Group.     A  division  of  the 
Upper  Silurian  system. 
,  Nodule.    A  rounded  mass  of  irregular 

shape. 
I  Nucleus.     A  kernel ;  a  central  mass  or 
I       point,   about  which  other   matter  is 

gathered. 
I  Oolite.    An  epoch  in  the- Jurassic  Age. 
I       A  variety  of  limestone,  consisting  of 
I      round  grains  like  the  roe  of  a  fish. 
Name    is    derived  from  two    Greek 
i       words,  which  mean  **  Eggstone." 
Oolitic.    Resembling  Oolite. 
Organic  Remains.    Fossilized  remains 

of  animals  or  plants. 
Obthis.       a     genus     of    Brachiopoda^ 
named  in  allusion  to  the  straight  hinge- 
line. 
Orthoceras.    a  family  of  the  NautUidtEy 
in  which  the  shell  is  straight,  or  nearly 
so. 
Outcrop.     That  part  of    an  inclined 
stratum  which  snows  at  the  surface  of 
the  ground. 
Paleontoixxjy.    The  science  of  the  an- 
cient life  of  the  earth,  or  of  the  fossils 
which  are  the  remains  of  such  life. 

Paleozoic.  Applied  to  the  older  di- 
vision of  geological  time  and  the  fos- 
sil'bearing  rocks  of  the  Silurian,  De- 
vonian, and  Carboniferous  Ages. 

Peat.  Accumulation  of  vegetable  mat- 
ter, on  and  near  the  surface  of  the 
earth,  in  moist  places.  It  is  interme- 
diate between  pure  vegetable  matter 
and  lignite,  80  parts  in  100  being  com- 
bustible, and  is,  therefore,  often  dried, 
and  then  used  for  fuel. 

Permian.  The  epoch  following  the 
Coal  Measure  epoch,  and  regarded  as 
closing  the  Carboniferous  Age  and  the 
Paleozoic  era. 

Pleistocene.  Quaternary.  Pertaining 
to  the  epoch  or  to  the  deposits  follow- 
ing the  Tertiary,  and  immediately  pre- 
ceding man.  Compounded  from  two 
Greek  words,  meaning  "  most  new  " 

Pliocene.  The  upper  division  of  the 
Tertiary  period.  Meaning,  "more 
new." 
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Plutonic  Rocks.  Thoee  deriving  form 
from  igneous  action. 

Polypi.  Radiates,  having  many  feet 
(whence  the  name)  or  feelers. 

PoLYZOA.  The  lowest  order  of  MoUusca, 
in  which  many  animals  are  united  in 
one  structure.  A  compound  group 
among  the  Bryozoa, 

Primitivb (OB  Primary)  Rocks.  Rocks 
supposed  to  be  first  formed,  being  ir- 
regularly crystal lized^aggrega ted  with- 
out a  cement,  and  containing  no  or- 
ganic remains,  such  as  granite,  gneiss, 
and  the  like. 

Primo-Cabboniperovp.  Upper  Coal 
Measures  (?).  See  "Coal  Measures," 
ante, 

PRODU*  TUB.  An  extinct  genus  of  Brachi- 
opodoy  in  which  the  shell  is  "  eared," 
or  has  its  lateral  angles  drawn  out. 

Protozoa.  The  lowest  division  of  the 
animal  kingdom. 

Pterodactyl.  A  winged  saurian;  a 
fof«il  reptile  which  had  the  little  finger 
of  the  hand  greatly  elongated,  for  the 
purpose  of  bearing  a  membraneous 
wing.    Meaning,  '*  wing-finger." 

PTbbopoda.  a  class  of  MoUtmea,  which 
swim  by  means  of  fins  attached  near 
the  head.    Meaning,  **  wing-foot." 

PcDDiNO  Stone.  A  coarse  conglome- 
rate, composed  of  siliceous  or  other 
pebbles,  united  by  a  cement. 

Pyrites.  A  combination  of  sulphur 
with  iron,  copper,  cobalt,  or  nickel. 

Qu AQUA- VERS al.  Dipping  toward  all 
points  of  the  compass  from  a  central 
point,  as  beds  of  lava  around  a  crater. 

Quartz.  Pure  silex^  occuring  in  pellu- 
cid, gla^y  crystals^  having  the  form 
of  a  six-sided  prism,  terminated  at 
each  end  by  a  pyramid.  The  crystals 
are  usually  clear,  but  sometimes  are 
variously  colored,  more  or  less  trans- 
parent, and  even  opaque. 

QuARTZiTE.  Granular  quartz;  sand- 
stone that  has  been  changed,  by  meta- 
morphic  action,  to  a  hard  quartz  rock. 

Quaternary.  Later  than  the  Tertiary; 
equivalent  to  the  £nglish  Pleistocene. 

Radiata.  One  of  the  great  sub-king- 
doms of  animals,  in  which  all  the 
parts  are  arranged  uniformly  around 
the  longitudinal  axis  of  the  body, 
such  as  star-fishes,  corals,  crinoids,  etc. 

Rash  Coal.    An  impure  coal. 

Recent.  Of  a  date  subsequent  to  the 
creation  of  man. 

Rbnifobm.  Kidney-shaped ;  applied  to 
certain  minerals. 


Recbptaculites.  An  extinct  genus  of 
Protozoa.  Meaning,  '*  A  stone  recepta- 
cle." 

Reftilia.  The  class  of  Ferteftfoto  com- 
posing snakes,  lizards,  tortoises,  tur- 
tles, etc.  From  Latin  verb  reptOf  **  I 
crawl." 

Reticulated.  Having  sets  of  parallel 
fibres  or  lines  crossed  by  others,  like- 
wise parallel,  so  as  to  form  meshes  re- 
sembling those  of  a  net 

Rhynchonblla.  A  small  bivalved 
Brachiopod,  having  a  rynchos  (  nose  or 
beak). 

Rh  yncuonrlla  Osagen  sis.  Same  as  B, 
PecosL 

Rhynchonblla  PEcasr.  Same  ns  B. 
Uttagensis, 

Rock.  Any  natural  deposit  of  stony 
material. 

Rugose.    Wrinkled ;  full  of  wrinkles. 

Saurian.    Any  lizard-like  reptile. 

Seam.  A  layer  of  substance,  more  or 
less  wide,  parallel  with  the  stratifica- 
tion of  surrounding  material. 

Sedimentary  Rocks.  Thofe  formed 
from  materials  precipitated  from  sus- 
pension in  water. 

Seismology.  The  science  of  earth- 
quakes and  their  characteristics. 

Serrated.  Notched  on  the  edge  like  a 
saw< 

Shale.  A  fine-grained  rock,  having  a 
slatey  structure;  an  indurated  clay, 
deposited  in  thin  layers. 

Sh ell  Ma  rl.  A  deposit  of  shel Is,  which 
have  been  disintegrated  into  a  gray  or 
white  pulverulent  mass. 

Sigillaria.  Fossil  trees,  the  bark  of 
which  is  covered  with  impressions  as 
if  by  a  seal.  Found  in  the  Coal  Meas- 
ures. 

Silex.  Silicic  acid,  generally  impure, 
as  it  is  found  in  nature,  constituting 
flint,  quartz,  and  most  sands  and 
sandstones.    Literal  meaning,  "Flint." 

Siliceous.    Composed  of  silex. 

Silt.  Mud  or  fine  earth  deposited 
from  running  or  standing  water. 

Silurian.  The  earliest  of  the  Paleozoic 
formations ;  so  called  from  the  country 
of  the  Silures,  who  anciently  inhab- 
ited a  part  of  England  and  Wales, 
because  the  strata  was  most  plainly 
developed  in  that  country. 

SiPHUNCLE.  A  tube  of  a  membraneous 
or  calcareous  nature,  transversing  the 
septa  of  a  chambered  shell. 

Slate  An  argillaceous  stone  which 
easily  splits  into  plates.        ^  j 
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SoAPSTONB.    A  soft  magnesiao  mineral, 
usually  gray,  white,   or  yellow:    so 
called  from  its  soapy  or  g^asy  feel ; 
fiteatite;  pot-stone. 
Spirifeb;  Spiriperina.    Extinct  spe- 
cies of  BrdchiopodUj  with  large  spiral 
supports  for  their  "  arms." 
Stalactite.     Icicle-like  encrustations 
and   deposits  of    lime,  which    hang 
from  the  roof  and  sides  of  caverns 
hollowed  out  of  limestone. 
Stalagmites.     Encrustations  of    lime 
formed  on  floors  of  caverns  hollowed 
out  of  limestone. 
Stigma RiA.     Stem-like,  fossilized  veg- 
etation, often   traversing  the  under 
clay  of  the  coal,  and  supposed  to  be 
the  roots  of  Sigillaria  ;  which  see  supra. 
Strati'^m  (pi.  Strata).    A  bed  of  earth 
or  rock  of  any  kind,  formed  by  natu- 
ral causes,  and  usually  consisting  of  a 
series  of  layers. 
Stratified.     Formed  in  regular  beds 

or  layers. 
Streptorhynchus.    Often  called  Jffiwi- 

ipronUes, 
Strike.     The  horizontal  direction  of 
the  out-cropping  edges  of  tilted  rocks, 
which  is  always  at  right  angles  to* the 
dip. 
SrBCARBONiPKROUS  PERIOD.    Same  as 

Lower  Carboniferous  Period. 
Suture.    The  line  of  junction  of  two 
parts  which  are  immovably  connected 
together,    like    the    line    where    the 
whorls  of  a  univalve  shell  join,  or  the 
lines  made  on  the  exterior  of  a  cham- 
bered shell   by   the  margins  of   the 
septa. 
Synciirokism.    Concurrence  in  time  of 
two  or  more  events ;   contemporary ; 
simultaneousness. 
Synclinal.    Formed  by  strata  dipping 
toward  a  common  line  or  plane,  as  a 
synclinal  trough  or  valley.    The  op- 
posite of  AntielifMl;  which  see,  supra. 
Talus.    A  sloping  heap  of  rock  frag- 
ments lying  at  the  foot  of  a  precipice. 
Terrace.    A  shelf  or  bank  of  earth 

having  an  uniformly  level  surface. 
Tertiary.    Third  in  order.    Applied 
to  the  first  period  of  the  Age  of  Mam- 
mals, or  Cenozoic  time;  also,  to  the 
rock  formations  of  that  period. 
Test.     A  shell,  as  of  a  mollusk. 


Testtacea.    Mollusks  are  sometimes  so 

called. 
ThermaIu      Hot,  warm.      Applied   to 

springs  which  discharge  water  heated 

by  natural  agencies. 
Thin  out.      Applied  to  beds  or  strata 

which  grow  grskidually  and  continually 

thinner  in  one  direction,  until  they 

entirely  disappear. 

Tkaksition  Rocks.  The  lowest  un- 
crystalline  stratified  rocks,  supposed 
to  contain  no  fossils,  and  so  called  be- 
cause thought  to  have  been  formed 
when  the  earth  was  passing  from  an 
uninhabitable  to  a  habitable  state. 

Trap.  A  heavy,  igneous  rock,  of  a 
greenish-black  or  grayish  color,  gene- 
rally composed  of  feldspar,  augite, 
and  hornblende ;  so  called  because  the 
rocks  of  this  class  often  occur  in  large 
tabular  masses,  rising  above  one  an- 
other like  (rtppe^  steps. 

TRiLOBfTE.  Three  lobed.  An  extinct 
family  of  Crustacea,  and  derives  its 
name  from  its  body  being  so  divided. 

TuPA.  A  soft  or  porous  stone,  formed 
by  depositions  from  water,  usually 
lime-bearing,  in  which  case  the  result 
id  called  calcareous  tufa.  Also,  a  vol- 
canic sandrock,  rather  friable,  formed 
of  agglutinated  volcanic  earth  or 
scoria. 

Umbo.  The  beak  (the  point  immediately 
above  the  hinge)  of  a  bivalve  shell  is 
so  called,  from  its  fancied  resemblance 
to  the  "  boss  of  a  shield." 

Uncomformable.  Not  lying  in  a  par- 
allel position ;  applied  to  rock  strata. 

Upper  Coal  Measures.  Upper  strata 
of  the  coal  system. 

Vein.  A  seam  or  parting  of  any  sub- 
stance, more  or  less  wide,  intersecting 
a  rock  or  stratum,  and  not  correspond- 
ing with  the  stratification. 

Ventral.  Belonging  to  the  belly,  or 
the  surface  opposite  the  back,  or  dor- 
sal side.  Sometimes  used  to  designate 
the  interior  surface  of  the  body. 

Vertebrata.  The  division  of  the  An- 
imal Kingdom  which  is  furnished  with 
a  spinal  column. 

Whorl.  The  spiral  turn  of  a  univalve 
shell. 

Zaphrbntis.  a  genus  of  rugose  (wrin- 
kled )  fossil  corals. 
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Paleozoic  Flora  and  the  Fauna  of  the  Coal  Measures. 


INTRODUCTION 


In  former  years  the  object  of  a  Geological  Survey  was  lim- 
ited to  explorations  of  the  mineral  riches  of  the  land  and 
to  the  study  of  the  fossil  remains,  which,  found  in  the  rocks, 
serve  as  guides  for  the  determination  of  Geological  Periods,  or 
Formations.  Now  that  the  field  which  the  human  mind  is 
<5alled  to  explore  has  been  widely  expanded  by  discoveries  of 
«very  kind,  giving  origin  to  many  new  industries.  Geological 
Surveys  are  called  upon  to  give  an  account  of  all  that  may 
be  valuable  to  the  inhabitants  of  a  country  and  of  all  that  may 
interest  the  world  at  large.  The  characters  of  the  land,  its 
-chemical  components,  its  adaptation  to  culture,  the  divers 
kinds  of  minerals,  the  plants  and  animals  of  the  present  epoch 
as  well  as  those  which  have  lived  in  former  periods,  the  remains 
left  by  former  races  of  human  beings,  those  of  animals  and  veg- 
etables left  in  the  strata  composing  the  crust  of  the  earth;  all  have 
to  be  carefully  studied  and  recorded.  For  if  the  present  inhab- 
itants have  the  need  and  the  right  to  know  about  the  material 
value  of  their  land,  the  world  at  large  has  a  right  to  know  all 
that  pertains  to  natural  history,  in  order  to  gather  the  facts 
that  constitute  the  history  of  the  world  from  its  origin, 
through  the  difterent  periods  of  its  existence. 


Digitized  by 


Google 


4  PRINCIPLB8   OF   PALBOZOIC   BOTANY. 

In  my  Reports  of  the  past  years,  I  included  as  a  contri- 
bution to  science,  a  description  of  some  of  the  fossil  remains  ot 
animals  especially  marine  shells,  corals,  etc.,  found  in  the  rocks 
of  Indiana  and  serving  as  characters  to  recognize  the  succes- 
sion of  the  Geological  Formations  of  the  State.  This  part  has 
been  generally  received  with  great  favor.  As  the  greatest 
riches  of  the  minerals  of  Indiana,  lie  in  its  coal  beds  which 
are  entirely  composed  of  plants,  I  have  thought  it  advisable  to 
give  an  exposition  of  the  vegetable  remains,  which  found  in 
connection  with  coal  beds,  indicate  the  nature  of  their  com- 
pounds. The  plants  of  the  coals  of  North  America  have  been 
already  described  in  many  valuable  works  or  Geological  Reports, 
especially  in  those  of  Pennsylvania,  Illinois,  Arkansas,  Ohio, 
etc.  And,  therefore,  the  number  of  new  or  not  yet  known 
species  is  probably  limited,  and  few  could  be  furnished  from 
Indiana.  But  until  now,  we  have  no  kind  of  book  servicable 
to  direct  the  study  of  the  fossil  plants,  no  manual  of  the  Prin- 
ciples of  Vegetable  Paleontology  which,  in  my  opinion,  would 
be  very  useful  to  the  students  of  all  the  Scientific  Institutions 
of  our  State  and  country. 

The  only  man  deeply  versed  in  that  part  of  Natural  History,  is 
Prof.  Leo  Lesquereux,  of  Columbus,  Ohio,  who,  as  an  intimate 
friend  and  fellow-citizen  of  Professor  Agassiz,  was  encouraged 
by  him  to  come  to  America,  and  who,  since  his  arrival  here  in 
1848,  has  given  the  most  of  his  time  to  the  study  of  the  fossil 
plants  of  North  America.  His  studies  published  in  numer- 
ous State  and  Government  Reports  fill  many  volumes,  and  as  a 
Paleontologist,  Lesquereux  is  as  widely  known  in  Europe  aa 
he  is  in  this  country.  I  have,  therefore,  proposed  to  him  to 
prepare  for  this  Report,  a  Manual  on  the  Principles  of  Vegeta- 
ble Paleontology,  and  I  now  offer  it  to  the  State  as  a  work 
which  will  be  of  great  value  to  the  students  and  colleges  of 
Indiana,  and  to  those  of  the  United  States,  and  which 
at  the  same  time  may  be  read  with  pleasure  and  profit  by  all 
persons  interested  in  the  coal  beds.  It  will  enable  every 
one  to  study  and  analyze  the  beautiful  specimens  of  fossil 
plants  abundantly  found  in  our  Coal  Measures. 

The  work  forcibly  limited  to  the  plants  of  the  Paleozoic  times 
has  been  prepared  with  the  greatest  care.  It  illustrates  in  beau- 
tiful plates  the  characters  of  the  plants  which  facilitate  the  un- 
derstanding of  the  descriptions.     I  consider  it,  therefore,  as  a 
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publication  that  will  greatly  enhance  the  value  of  the  Geologi- 
cal Reports  of  Indiana. 

The  foregoing  Vegetable  Paleontology  is  followed  by  de- 
scriptions and  figures  of  the  characteristic  animal  remains  of 
the  same  period,  by  Dr.  C.  A.  White,  Paleontologist  of  the 
United  States  Geological  Surveys,  of  the  Smithsonian  Institute, 
and  former  State  Geologist  of  Iowa. 

The  best  specimens  have  been  selected  for  this  purpose  by 
Dr.  White,  and  the  work  has  been  done  with  his  usual  fidelity 
^d  ability.  These  shells,  etc.,  designate  the  horizon  of  stone 
coal — of  the  Coal  Measures — they  are  not  found  except  within 
a  short  distance  above  or  below  Coal  seams;  hence  are  indica- 
tors of  minerals  to  be  expected,  as  emphatic  and  plain  as  if  the 
rocks  in  which  they  are  found  were  labeled  in  black  letter 
English. 

The  drawings  of  the  animals,  shells,  corals,  etc.,  are  by  Dr. 
McConnel,  of  Washington  City,  and  will  bear  comparison  with 
similar  work  prepared  in  any  age.  State,  or  Nation. 

The  State  Geologist  admits  that  he  is  glad  to  present  this 
work,  and  its  illustrations,  prepared  by  the  best  experts  in  the 
Special  Departments  of  Science,  to  the  citizens  of  Indiana — ^ta 
some  extent  a  contribution  to  science  throughout  the  world. 

JOHN  COLLETT, 

State  Geologist. 
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BY  LEO  LESQUEREUX. 


?1.    EXPOSITION. 

Vegetable  or  phyto  paleontology  (phtUon,  a  plant,  pataios,  ancient,  logos, 
word),  a  branch  of  science  Intimately  related  to  geology,  considers  the 
vegetation  of  our  globe  during  the  different  epochs  anterior  to  the  present 
times,  directing  its  researches  and  study  to  the  plants  which,  found  in  a 
fossil  state,  are  known  to  have  inhabited  the  earth  or  the  sea  from  the 
first  apparition  of  vegetation  until  now.  This,  of  course,  implies  the 
well  known  fact  that  this  world  of  ours  has  not  remained  the  same  since 
its  origin ;  that  it  has  been  subjected  to  great  and  gradual  changes ;  that 
the  plants  which  inhabited  it  in  former  times  are  not  the  same  as  those  of 
the  present. 

It  is  the  history  of  the  ancient  vegetation  that  vegetable  paleontology 
is  trying  to  decipher  and  interpret.  From  mere  fragments  of  wood,  bark, 
and  leaves,  all  transformed  into  stone  or  imbedded  in  the  rocks,  paleon- 
tology is  able  to  gradually  reconstruct  some  kind:?  of  plants,  and  to /lis- 
cover  not  only  their  nature  by  a  more  or  less  distinct  relation  to  the  veg- 
etables living  now,  but  the  physical  circumstances  which  have  fostered 
their  growth.  It  thus  explains  the  atmospheric  variations  of  the  long 
series  of  ages  preceding  the  advent  of  man,  and  is  able,  at  the  same  time, 
to  trace,  in  connection  with  animal  paleontolog}%  the  succession  of  the 
series  of  layers  which  constitute  the  crust  of  the  earth,  and  the  relative 
age  of  each  of  them.  Thus  a  mere  leaf,  or  the  mere  fragment  of  a  plant, 
indicates  the  age  and  nature  of  what  is  called  a  geological  formation ;  a 
series  of  deposited  materials,  for  example,  like  those  interstratified  with 
coal  (the  carboniferous),  or  those  containing  oil  or  other  kinds  of  minerals. 

I  do  not  intend  to  give  here  a  description  of  all  the  characters  of  the 
plants  which  are  known  to  have  inhabited  the  earth  at  different  epochs; 
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still  less  coukl  I  now  interpret  the  natural  phenomena  which  have  influ- 
enced successive  modifications  in  the  vegetable  kingdom.  I  wish  only  to 
trace  the  first  principles  of  a  science  which  opens  to  the  mind  a  most  pleas- 
ant and  attractive  prospect  and  explains  the  work  of  the  Great  Creator  of 
Nature  in  gradually  building  the  habitation  of  man.  Not  as  a  work  lim- 
ited or  dwarfed  by  fallacious  theories  of  the  human  mind,  but  as  it 
really  is,  an  exposition  of  the  sublime  wisdom,  the  prescience  and  provi- 
dence of  the  Great  Architect,  traced  by  the  plants  of  the  ancient  ages  or 
by  their  remains  in  the  rocks,  quite  as  evidently  as  his  eternal,  infinite, 
and  divine  essence  is  demonstrated  by  the  Heavens. 

22.    THE  CONSTRUCTION  OF  THE  CRUST  OF   OUR   EARTH,  OR,  IN 
GEOLOGICAL  PARLANCE,  THE  FORMATIONS. 

The  most  true  and  sublime  passage  written  by  Moses,  in  exposing  his 
system  of  the  cosmogony  of  the  world,  is  that  in  the  first  and  sec- 
ond verses  of  the  first  chapter  of  Genesis:  *'Li  the  beginning  God 
created  the  heaven  and  the  earth.  The  earth  was  without  form,  and 
void ;  darkness  was  upon  the  abyss  and  the  Spirit  of  God  moved  upon  the 
face  of  the  waters."  The  word  move  here  implies  action,  work — the  same 
sense  as  given  to  the  words  of  Christ  when  he  says:  '*  My  Father  work- 
eth  hitherto  and  I  work."     (John  v.,  17.) 

Like  the  innumerable  bodies  scattei^ad  in  the  heavens,  some  of  them 
brilliant,  some  others  darkened  by  a  vail  of  opaque  matter,  our  planet 
was  originally  a  nucleus,  a  fiery  furnace  of  molten  matter,  surrounded 
by  a  compact  mass  of  vapors.  These  vapors,  in  coming  near  or  in 
contact  with  the  burning  mass,  were  for  a  long  time  immediately  di- 
lated by  heat,  expanded  and  forced  upward,  so  that  no  water  could  be 
permanently  deposited  upon  the  surface  of  the  earth,  and  no  ray  of  light 
could  reach  it.  It  was  only  after  the  surfiwje  had  been  gradually  cooled, 
when,  like  a  boiling  semi-fused  bed  of  lava,  it  had  been  upheaved  at  some 
places,  traversed  in  various  directions  by  wide  undulations,  cleft  in  deep 
&sures  or  crevasses  and  rendered  somewhat  solid,  that  the  surrounding 
vapors  could  reach  the  earth  like  torrents  of  rain  and  fill  more  or  less 
wide  and  deep  basins  where  the  waters  were  gathered.  Thus  land  and 
•water  became  separated ;  thus  the  rarified  vapors  of  the  atmosphere  gave 
passage  to  light;  thus  the  rain,  falling  on  the  still  heated  crust  of  the 
earth,  began  decomposing,  loosening  and  scattering  particles  of  matter, 
-which,  gathered  by  water,  were  transported  by  their  course  and  spread  at 
the  bottom  of  the  basins.  Thus  gradually  the  thickness  of  the  crust  was 
increased,  the  surface  became  gradually  more  cooled,  the  separation  be- 
tween land  and  water  was  more  distinctly  fixed,  and,  after  a  long  period 
of  time,  the  earth  became  prepared  for  the  habitation  of  plants  and  ani- 
mals. 
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Of  course  the  earthy  materials,  either  in  the  water  or  scattered  on  the 
surface  of  the  primitive  still  heated  rocks,  were  not  fit  for  the  life  of  highly 
organized  beings.  But,  judging  from  what  we  see  at  the  present  times, 
vegetation  has  appeared  in  its  most  simple  representatives  as  soon  as  the 
water  could  be  permanently  gathered  into  basins,  or  at  a  degree  of  heat 
slightly  lower  than  that  of  the  boiling  point.  In  the  hot  springs  of  Ar- 
kansas and  those  of  the  Yellowstone,  plants  named  ConfenxZy  long,  green, 
thread-like  filaments,  fill  basins  of  water  of  a  temperature  of  near  100^ 
Cent,  the  point  of  ebullition  where  water  is  forcibly  vaporized.  Hence 
we  can  surmise  that  in  the  first  layers  of  sediments  of  matter,  transported 
and  deposited  by  water,  one  may  expect  to  find  the  first  traces  of  plants 
preserved  by  fossilization.  It  is  therefore  from  this  point  that  we. may 
begin  explorations  for  the  discovery  of  remains  of  plants  and  researches 
upon  their  nature  and  their  gradual  development 

Before  coming  to  this,  it  is  advisable  to  further  consider  the  mode  of 
increase  in  the  thickness  of  the  crust  of  the  earth,  the  origin,  the  succes- 
sion and  distribution  of  the  materials  which  have  entered  into  its  com- 
position arid  the  changes  which  have  occurred  in  the  gradual  construction 
of  the  great  building  from  its  origin,  when  nothing  could  ,live  in  the 
water  but  a  film  of  green  confervse,  to  its  completion,  when,  as  man's 
habitation,  it  became  covered  with  a  multitude  of  beings,  plants  and  ani- 
mals, all  contributing  to  the  advantage  of  the  human  race.  The  follow- 
ing short  explanation  is  merely  an  exposition  of  the  first  principles  of 
Geology. 

§3.    (X)MPOSITION  OF  THE  CRUST  OF  THE  EARTH. 

The  primitive  rocks  are  composed  of  materials  originally  in  fusion, 
either  exposed  after  cooling  from  the  nucleus  of  the  earth  or  thrown  out 
by  eruptions  of  the  volcanoes  like  lava.  These  rocks,  like  the  first  layers 
of  materials  deposited  upon  them,  wbich  were  transformed  either  by  heat 
in  their  contact  with  the  molten  mass  (metamorphic  rocks)  or  by  amalga- 
mation of  their  elements  with  those  of  the  surrounding  vapors,  do  not 
contain  any  remains  of  animals  and  plants.  They  constitute  in  their 
thickness  and  distribution  the  first  group  of  stratified  rocks,  named  by 
geologists  the  Ardumn  or  Azoic  ( a  without,  2d<?8  life).  This  formation 
is  necessarily  omitted  in  the  present  remarks  on  the  ancient  vegetation  of 
the  earth,  as  it  is  only  in  the  later  strata  or  layers  composed  of  deposits 
of  transported  materials  that  remains  of  organized  beings  have  as  yet 
been  found. 

The  work  of  building  up  the  thick  crust  of  earth  by  successively 
deposited  materials  being  continued  at  the  present  epoch,  it  is  easy  to 
have  an  idea  of  the  means  employed  by  nature  for  the  construction  of 
the  more  ancient  layers,  which  serve  as  the  base  of  the  great  edifice. 
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Atmoepberic  influences,  the  altematicm  of  cold  and  heat,  the  winds,  the 
rain,  etc,  tend  to  produce  a  continoal  disint^ration  of  the  rocks  into 
more  or  ksB  minate  particles  of  matter,  which,  fidling  into  the  water,  are 
tran^xnted  bj  its  movements,  sometimes  to  long  distances,  and  strewn 
eatber  along  the  borders  of  the  currents  from  streamlets  to  streams,  then 
to  the  rirers  which  throw  them  and  heap  them  in  banks  into  the  sea- 
The  waves  of  the  sea  constantlj  driven  by  winds  and  currents  against 
the  shores,  break  and  grind  into  powder  even  the  hardest  rocks,  and 
the  debris  drifted  around  are  deposited  somewhere  at  the  bottom,  the 
heaviest  nearest  to  the  shores,  forming  banks  of  pebbles,  sand,  mud,  or 
other  materials.  The  ice  also  breaks  the  rocks  by  gradual  disintegration 
or  hj  the  movement  of  the  glaciers,  and  the  crumbled  debris  is  either 
transported  by  floating  banks  of  ice,  cast  forth  and  scattered  to  the 
bottom  of  the  sea,  or  is  pushed  upon  the  sur&ce  of  the  land,  sometimes 
in  wide  deposits  of  rounded  blocks,  pebbles,  gravel  or  sand.  As  the 
largest  heaps  of  transported  materiab  have  been  deposited  in  the  sea  by 
the  course  of  the  great  rivers,  or  by  the  movement  of  the  waves,  most  of 
the  formations  are  marine  and  have  the  greatest  thickness  and  the  widest 
extent.  But  land  has  also  contributed  its  share  in  the  construction  of 
the  earth's  crust,  either  directly  by  its  v^etation,  forming  heaps  of  com- 
bustible mineral,  coal,  lignite,  peat,  humus,  or  layers  of  iron  ore  by  the 
work  of  infiisoria,  minute  beings  observable  only  by  the  microscope ;  or 
indirectly  by  the  accumulation  of  particles  of  matter  deposited  in  firesh 
water  basins,  forming  especially  beds  of  clay,  or  by  condensation  of  the 
elements  held  in  solution  in  the  water,  and  by  atmospheric  action  trans- 
formed into  lime,  silex,  etc.  In  the  deposits  of^he  sea,  remains  of  marine 
animals  and  of  marine  plants  are  more  or  less  abundantly  found,  while 
land  and  iresh  water  plants  and  animals  are  mixed  in  the  clay  and  other 
land  materials.  We  have  thus  already  two  distinct  kinds  of  strata,  repre- 
senting first,  the  marine,  and  second,  the  fresh  water  formations. 

The  superposition  of  the  layers  of  matter  is  a  result  of  their  mode  of 
deposition.  In  the  sea,  the  constant  movement  of  the  water,  especially 
the  currents,  displace  the  materials  at  the  bottom,  transporting  them 
and  strewing  them  along  their  courses,  heaping  them  in  some  localities, 
while  they  are  taken  from  others  which  are  left  waste.  The  same  action  is 
seen  in  the  bottoms  of  large  rivers,  where  gravel,  sand  and  mud  are  constant- 
ly displaced  and  deposited  again  here  and  there,  new  materials  upon  the  old 
ones,  and  gradually  pushed  farther  down  by  the  movement  of  the 
water.  Naturally  it  is  near  the  mouths  of  large  rivers  like  the  Missis- 
sippi, the  Nile,  the  Amazon,  that  the  materials  are  more  abundantly  car- 
ried, and  successively  deposited  near  the  land  or  ^Eirther  into  the  sea,  ac- 
cording to  their  size  or  density.  There  the  currents  vary  each  year, 
either  in  force  and  velocity,  or  in  direction ;  and  each  year,  also,  the  lay- 
ers of  drifted  matter  are  difierently  distributed  around  and  superposed. 
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One  year  sand  comes  along  one  of  the  branches  of  the  river ;  later,  the 
outlet  is  closed  and  for  a  time  nothing  may  pass  through  the  channel ;  it 
becomes  a  bayou  whose  bottom  is  gradually  covered  by  a  bed  of  dark  mud 
composed  of  remains  of  plants,  shells,  etc.  Later,  in  a  period  of  very 
high  water,  the  channels  are  opened  again  and  over  the  first  deposits  of 
sand  and  mud  a  bed  of  gravel  may  be  spread,  thus  producing  alternate 
layers  of  different  natures. 

On  another  side,  local  swellings  and  depressions  of  the  crust  of  the 
earth  were  extremely  frequent  and  active  in  the  first  ages  of  the  world, 
when  the  crust,  still  thin,  was  under  the  more  direct  influence  of  the  in- 
ternal heat.  These  local  upward  and  downward  movements,  though 
much  less  marked  now,  are,  however,  observed  in  different  countries 
where  the  shores  are  gradually  upheaved,  the  sea  receding  from  them, 
while  at  other  localities  they  are  gradually  depressed,  and  thus  invaded 
by  the  ocean.  It  is  to  these  movements  of  the  crust  that  are  due  forma- 
tions covering  wide  surfaces,  sometimes  whole  continents. 

There  has  been  on  the  surface  of  the  earth  a  succession  of  local  changes 
of  level,  sometimes  persistent  for  ages,  which  have  naturally  greatly 
modified  the  local  deposits,  very  thick  at  some  places,  totally  absent  at 
others,  and  have  produced  local  differences  in  the  nature  of  the  layers, 
and  in  their  direction  or  angle  of  stratification,  which  correspond  to  the 
angle  of  superposition. 

The  deposits  successively  made  on  the  surface  of  the  earth,  either  above 
or  under  water,  and  for  a  countless  number  of  ages,  have  been  gradually 
hardened  and  modified  in  their  compound  and  transformed  into  beds  of 
sandstone,  limestone,  clay,  siliceous  or  ferruginous  rocks,  according  to  the 
elements  of  which  they  are  composed.  They  have  thus  formed  the  so- 
called  stratified  rocks  whose  study  is  the  province  of  geology. 

?4.    GEOLOGY,  ITS  PURPOSE  AND  ITS  WORK. 

Geology  is  a  complex  science.  A  thorough  cpmprehension  of  it  re- 
quires a  knowledge  of  divers  subjects  which,  separately  considered,  neces- 
sitate long  and  difificult  study.  For  it  has  to  search  and  determine  the 
nature  and  relative  position  of  the  series  of  all  the  stratified  rocks,  which, 
if  they  were  heaped  at  the  same  locality,  would  show  a  thickness  of  twenty 
miles  or  more.  It  has  been  said  above  that  the  age  of  the  strata  is  attested 
by  the  remains  of  plants  and  animals  which,  either  marine  or  of  fresh  water 
or  of  laud  origin,  are  found  imbedded  into  the  rocks.  It  will  be  seen 
hereafter  that  the  beings  which  have  at  successive  epochs  inhabited  the 
earth,  either  plants  or  animals,  have  become  more  and  more  highly  organ- 
ized from  the  oldest  times  to  the  present,  and  therefore  geology  is  able  to 
fix  the  characters  and  the  relative  age  of  the  different  layers  from  the 
study  of  the  remains  of  organized  beings  discovered  in  them.     This,  of 
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course,  necessitates  for  the  geologist  an  acquaintance  with  animals  and 
plants  living  at  our  time  as  points  of  comparison  for  the  anatomy  of  fossil 
remains. 

Geology  has  also  to  study  the  constituents  of  the  rocks,  by  chemical 
analyses,  in  order  to  recognize  the  nature  of  their  compounds,  which,  like 
some  minerals,  may  be  used  for  the  advantage  of  man.  Hence  its  do- 
main is  immense.  It  bears  upon  the  interest  of  all  the  conditions  of  the 
existence  of  man,  and  though  of  difficult  access,  some  of  its  more  val- 
uable and  productive  divisions  are  accessible  to  every  man  of  intellect. 
For  the  analyses  necessary  for  the  determination  of  a  bone,  of  a  plant,  or 
of  any  kind  of  mineral,  are  made  by  competent  specialists,  and  there- 
fore every  one  has  the  means  of  ascertaining  the  value  of  the  discovered 
materials  and  the  mode  of  pursuing  the  researches  with  advantage  and 
pleasure. 

From  the  characters  of  the  remains  of  organized  beings  preserved  in 
them,  the  strata  of  the  earth  have  been  divided  into  three  great  periods 
of  time :  First,  the  Paleozoic,  which  follows  the  Azoic  or  Archoean ; 
second,  the  Mesozoic  (me^os — middle),  and  the  Cenozoic  (kainos — new 
or  recent). 

The  Paleozoic  time  has  three  essential  ages :  The  Silurian,  or  the  age 
of  invertebrate  animals ;  the  Devonian,  the  age  of  fishes ;  the  Carbon- 
iferous, the  age  of  plants.  Each  of  the  ages  is  subdivided  into  periods. 
The  Mesozoic  time,  or  reptilian  age,  has  three  periods — the  Triassic,  the 
Jurassic  and  the  Cretaceous.  The  Cenozoic  has  the  Tertiary  age,  and 
at  its  end  the  Quaternary  and  the  Era  of  Man. 

In  this  memoir,  and  for  the  present,  the  vegetalble  paleontology  of  the 
Paleozoic  times  only  has  to  be  examined. 

§5.    MODE  OF  PRESERVATION  AND  FOSSILIZATION  OF  VEGETABLE 

REMAINS. 

Plants  are  fossilized  forages,  and  preserved:  First,  by  entombment; 
second,  by  carbonization;  third,  by  impressions  or  casts;  fourth,  by  infil- 
tration or  impregnation  of  foreign  substances  generally  held  in  solution 
by  water. 

«.     Entombment  or  Burial. 

Vegetable  remains  covered  or  surrounded  by  compact  impermeable  ma- 
terials before  their  decomposition,  have  been  sometimes  preserved  without 
any  modification  of  their  original  structure.  For  example,  leaves,  flowers, 
or  small  fragments  of  plants  are  now  found  imbedded  in  pieces  of  amber. 
Subjected  to  microscopical  examinations,  remains  of  this  kind  are  deter- 
mined as  easily  as  specimens  of  living  plants.  This  process  of  fossilization 
is  explained  by  that  of  the  deposition  or  formation  of  amber.     In  some 
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cases,  observable  upon  the  peat  bogs  of  the  North,  the  resinous  matter 
exudes,  from  the  trunks  of  low  conifers,  in  such  profusion  that  the  ground 
at  their  base  is  covered  with  a  coating  of  resin.  All  the  small  fragments 
falling  upon  this  matter  ^re  soon  imbedded  in  it  and  secured  against  at- 
mospheric influences.  The  northern  part  of  Europe,  during  the  tertiary 
period,  was  covered  by  vast  forests  of  this  kind,  which  have  been  buried 
along  the  shores  of  the  Baltic  Sea,  where  amber  is  now  gathered. 

In  other  cases,  deposits  of  woods,  like  forests  prostrated  by  some  catas- 
trophe, have  been  buried  by  the  eruptions  of  volcanoes  under  layers  of 
ashes  and  lava,  or  other  impermeable  matter.  These  vegetable  deposits 
are  now  found  in  their  original  state,  the  wood  perfectly  preserved.  Some 
of  these  beds  of  lignite,  rendered  accessible  by  shafts,  are  worked  like  coal 
mines,  and  the  materials  used  for  fuel.  Deposits  of  this  kind  are  rare, 
and  as  yet  found  like  amber  in  tertiary  formations. 

But  in  older  formations,  even  in  the  carboniferous,  isolated  fragments 
of  wood,  whose  structure  is  still  unimpaired,  are  sometimes  found  imbed- 
ded in  very  compact  rocks.  They  have  preserved,  to  a  certain  extent, 
their  primitive  nature,  the  flexible  texture  of  the  wood,  the  bark,  even 
the  epidermis. 

b,     Sbiv  Burning  or  Carbonization. 

Plants  growing  in  swamps  or  damp  places  are  shielded  by  immersion  in 
water,  or  by  great  atmospheric  humidity,  against  the  rapid  decay  produced 
by  the  oxygen  of  air.  The  plants  do  not  escape  decomposition;  but  the 
process,  rendered  very  slow  under  peculiar  chemical  modifications,  is  like 
that  of  the  burning  of  wood  in  closed  ovens  for  its  transformation  into 
charcoal.  It  is  in  that  way  that  remains  of  a  luxuriant  vegetation,  heaped 
each  year  upon  the  surface  of  the  swamps,  have  been  gradually  transformed 
first  into  peat,  as  in  the  peat  bogs  of  our  time ;  then  into  lignite,  by  a  more 
prolonged  action  of  the  same  process,  which  tends  to  render  the  matter 
gradually  more  compact;  then  into  coal,  from  the  dejwsits  of  vegetable 
materials  of  more  ancient  periods,  and  to  anthracite  when  the  gases  have 
been  driven  out  of  the  coal  by  heat. 

The  plants  preserved  in  this  way  are  generally  so  mixed  and  compressed 
that,  after  a  time,  losing  their  original  forms,  they  constitute  a  more  or 
less  compact  mass,  and  become  indeterminable.  The  coal,  for  example, 
when  cut  in  thin  lamellae  and  examined  with  the  aid  of  a  microscope, 
exposes  to  view  a  fibrous  or  cellular  compound,  recognized  as  pertaining 
to  vegetable  tissue ;  but  of  course  the  determination  of  the  characters 
of  the  plants  which  have  entered  into  the  composition  is  not  possible. 
Sometimes,  however,  thin  layers  of  charcoal,  bearing  impressions  of  leaf- 
scars,  are  observed  between  layers  of  compact  coal.  These  impressions  in- 
dicate the  kind  of  trees  from  which  they  are  derived,  as  Lepidodendron, 
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Sti^marta,  or  SigUlaria,  or  even  this  dry  charcoal,  as  it  is  named,  distinctly 
preserves  the  impressions  of  leaflets  of  ferns.  These  remains  give  a  vague 
insight  into  the  characters  of  the  plants  which  have  entered  into  the  com* 
position  of  the  coal ;  but  the  representations  are  too  vague,  and  rarely  in* 
teresting  to  the  paleontologist. 

e.     Impressiam  or  cagts. 

This  process  or  fossilization  is  the  more  interesting  to  the  phyto-paleon- 
tologists,  who  owe  to  it  the  preservation  of  the  outlines  or  surface  of  frag- 
ments of  plants  of  every  size.  Vegetable  remains,  leaves,  branches,  trunks 
of  trees  falling  into  the  muddy  water  of  swamps  or  upon  the  sand  at  the 
bottom  of  ponds  or  slow  rivers,  have  been  gradually  covered  by  the 
deposits  of  soft  materials,  mud,  clay,  sand,  etc.,  which  have  prevented 
access  of  the  oxygen  of  air.  Gradually,  however,  the  original  texture 
and  compounds  of  the  plants  have  been  destroyed,  but  the  impressions 
of  their  surface  have^been  moulded  upon  the  imbedding  matter,  which 
after  the  process  of  hardening  has  preserved  them,  often  so  distinctly,  that 
their  characters,  the  shape,  even  the  nerves  of  the  leaves,  the  scars  of  the 
bark  of  trees,  etc. ,  are  easily  recognized.  Those  who  have  seen  specimens 
of  fossil  plants  taken  from  the  roof  of  coal  beds  know  how  admirably 
nature  has  preserved  her  works;  how  beautiful  are  those  branches  of 
ferns  or  other  plants  with  their  leaves  flattened  and  compressed  as  if  they 
had  been  prepared  by  drying  for  an  herbarium,  with  the  veins,  the 
minutest  teeth,  even  the  hairs  of  the  leaflets  distinct,  as  if  the  plants  were 
still  living. 

The  trunks  and  the  stems,  by  this  mode  of  petrification,  are  generally 
flattened  to  a  more  or  less  great  degree ;  the  original  compounds  of  the 
plants  have  been  gradually  destroyed  and  replaced  by  the  imbedding 
matter,  sand  or  clay ;  but  the  bark  with  its  surface  or  merely  the  im- 
pressions are  left  as  distinct  as  if  they  had  been  sculptured  upon  the 
rocks.  I  say  that  in  some  cases  the  mere  impressions  of  the  surface  are 
left  without  any  trace  of  the  bark.  There  is  generally  an  intermediate 
thin  pellicle  of  coal  representing  the  bark  of  the  trunks  in  sandstone, 
but  it  is  reduced  to  powder  and  detached  on  the  contact  of  the  atmos- 
phere; thus  one  finds,  especially  in  sandstone,  large  trunks  of  trees, 
Lepidodendron,  for  example,  forty  to  sixty  feet  long  and  two  feet  in  diam- 
eter, whose  scars  of  leaves  are  distinctly  marked  from  the  base  to  the  top 
without  any  remains  of  organic  matter  to  cover  them. 

Generally,  the  casts  of  the  leaves  show  only  one  of  their  faces.  It  is  the 
case  in  those  of  the  coal,  and  as  there  is  sometimes  a  difference  in  the  char- 
acters of  the  upper  and  lower  faces,  this  may  cause  some  diflSculty  in  the 
analysis  and  determination  of  the  leaves.  The  difficulty  is  still  more 
marked  in  casts  of  leaves  of  the  Cretaceous,  which,  thick  and  coriaceous, 
have  the  impressions  of  both  faces  separated  by  a  thin  space,  or  a  thin 
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crust  of  matter,  in  such  a  way  that  by  cutting  the  specimens  vertically 
we  may  get  a  double  impression  of  the  leaves,  the  upper  strongly,  deeply 
nerved,  the  lower  with  veins  far  less  marked,  or  with  a  /ocic8  sometimes 
very  different. 

I  may  mention  Here,  as  indirectly  referable  to  the  same  kind  of  fossil- 
ization,  the  preservation  of  vegetable  fragments  in  iron-stone  concretions. 
These  concretions,  especially  abundant  at  Mazon  Creek,  Illinois,  and  near 
the  Little  Vermillion  River,  Indiana,  are  round  or  oval  generally  flat- 
tened pebbles,  varying  from  one  to  forty  cm.  long  or  more,  the  nucleus 
being  either  a  leaf  or  a  fragment  of  plant  or  animal.  The  concretions  are 
the  work  of  infusoria,  small  animalcules,  some  species  of  which  living  in 
water  charged  with  carbonate  of  iron,  congregate  around  fragments  of 
organic  matter  and  gradually  surround  them  with  a  thick  coating  of  com- 
pact iron-stone  or  clay  derived  from  their  organism.  In  splitting  these 
nodules  in  the  plane  of  stratification,  the  imbedded  bodies  are  found  fos- 
silized in  a  perfect  state  of  preservation,  and  therefore,  the  most  beautiful 
specimens  have  been  obtivined  from  these  concretions,  which  are  strewn  in 
the  roof  clay,  of  some  coal  beds.  The  specimens  are  generally  of  small 
size ;  but  they,  sometimes,  contain  remains  of  delicate  plants  or  animals, 
which,  imbedded  by  the  work  of  infusoria  before  decomposition,  or  while 
they  were  still  fresh,  have  escaped  the  deterioration  and  destruction  forcibly 
produced  by  oxygen  in  shale  whose  matter  is  less  compact  and  has  been 
more  slowly  deposited.  Mazon  Creek  has  thus  supplied  paleontologists  with 
specimens  of  many  species  which  have  not  been  found  elsewhere  in  the 
Coal  Measures. 

d.     FossUization  by  hifiltraiUm. 

In  this  kind  of  petrifaction,  the  vegetables  impregnated  by  water  hav- 
ing in  solution  some  kind  of  mineral  substances,  like  silex  or  lime,  are 
gradually  transformed  into  stone.  Generally  the  impregnation  does  not 
destroy,  nor  even  alter  in  any  degree,  the  internal  structure  of  the  plants. 
The  woody  tissue  remains  unimpaired — only  the  bark  is  destroyed. 

The  anatomy  of  wood  fossilized  by  this  process  is  made,  as  for  that  of 
living  trees,  in  cutting  thin  sections  or  plates  both  vertical  and  horizontal, 
which,  reduced  to  thin  slides  by  the  work  of  the  lapidary  and  polished, 
may  then  be  studied  under  the  microscope,  exposing  the  tissue  to  its  most 
delicate  fibers  or  cells. 

Trees  have  oftener  been  subjected  to  this  kind  of  petrifaction  while 
still  standing  than  when  prostrated.  In  Colorado,  standing  fossilized  trees 
have  often  been  formerly  observed ;  they  are  now  mostly  destroyed  by  the 
work  of  collectors  of  specimens.  Near  the  Yellowstone  Park,  there  are 
whole  forests  of  silicified  trees  imbedded  in  sandstone ;  but  many  of  the 
standing  trunks  have  been  bared  by  disintegration  and  erosion  by  water 
of  the  matter  in  which  they  have  been  buried.     Trees  fossilized  in  that 
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way  are,  however,  rarely  found  in  their  original  integrity  of  size,  for,  as 
80on  as  separated  from  the  imbedding  matter,  they  break,  mostly  trans- 
versely, in  fragments  of  various  length,  which  are  strewn  on  the  sur&oe 
or  buried  in  the  sand.  Such  are  the  trunks  of  tree-ferns  abundantly 
found  on  Shade  River,  near  Athens,  Ohio.  As  shown  by  their  fragments, 
the  trees  from  which  they  are  derived  had  mostly  a  diameter  of  15  to  30 
cm.  Few  are  smaller,  some  much  larger.  An  exactly  cylindrical  trunk 
of  a  tree-fern,  a  fragment  measuring  60  cm.  in  diameter  and  of  the  same 
hight,  was  dug  out  of  a  creek  near  Shade  River  and  transported  to  the 
Museum  of  Comp.  Anatomy  of  Cambridge,  Mass.  This  mode  of  break* 
ing  is,  however,  not  always  the  same,  for  near  Grallipolis,  O.,  there  are 
some  prostrated  silicified  trunks  protruding  from  a  bed  of  sandstone. 
They  are  solid  in  the  whole  exposed  length,  without  appearance  of  trans- 
verse breakage,  with  this  peculiarity,  however,  that  a  part  of  the  wood  has 
been  fossilized  into  limestone,  another  part  into  silex,  and  this  without 
distinct  transverse  separation.  The  pajrts  silicified  and  petrified  are  here 
and  there  horizontally  intermixed  with  other  materials,  as  If  the  trees  when 
prostrated  had  been  impregnated  in  places  by  water  containing  different 
elements  in  solution. 

The  process  of  infiltration  into  the  wood,  of  mineral  matters  soluble  in 
water,  presents  so  many  apparent  deviations  from  a  common  law  that  it 
can  not  be  fully  explained.  At  the  present  time,  the  water  of  some  hot 
springs  charged  with  carbonate  of  lime  or  other  mineral  substances  in 
solution  covers  with  a  crust  of  hard  deposits  every  kind  of  solid  materials, 
organic  or  inorganic,  which  are  immersed  in  their  basins.  The  same 
phenomenon  happens  by  the  percolation  of  spring  water  charged  with 
lime,  made  soluble  by  carbonic  acid,  upon  leaves  or  other  organic  remains. 
The  carbonic  acid  being  set  free  by  contact  with  air,  the  carbonate  of  lime 
is  deposited.  Materials  of  this  kind  named  tufa  are  observed  at  different 
epochs.  But  the -process  is  not  a  true  petrification;  it  does  not  change 
into  stone  the  compoimds  of  the  encrusted  bodies,  but  only  covers  them 
with  a  hard  stony  deposit.  The  fossilization  by  infiltration  is  more  like 
the  impregnation  of  wood  produced  by  aspiration  of  the  inner  texture, 
a  kind  of  capillary  suctipn,  which  forces  a  fluid  matter  to  ascend  and 
penetrate  whole  trunks  when  they  are  immersed  in  it  by  their  base,  or 
like  the  movement  of  the  water  ascending  the  inside  of  the  stems  of  the 
flowers  when  their  base  is  immersed. 

It  has  been  supposed  that  the  water  charged  with  minerals  in  solution 
was  derived  from  hot  springs  in  the  vicinity  of  volcanoes  and  widely 
distributed  over  the  surface  of  the  land,  a  fact  which  might  be  corrob- 
orated by  the  silicified  forest  of  the  Yellowstone,  but  which  is  contra- 
dicted by  the  silicified  trunks  so  abundant  in  the  south  of  Ohio,  where  no 
trace  of  disturbances  of  surface  resembling  the  influence  of  subterranean 
heat  has  ever  been  observed. 
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Marine  plants  have  been  sometimes,  not  preserved,  but  traced  or  delin- 
eated by  infiltration.  When  deposited  upon  sand  or  permeable  rocks, 
the  cellular  tissues,  becoming  softened  or  fluid  by  decomposition,  impreg- 
nate the  suriace  of  the  sand  or  of  the  rock,  marking  upon  it  some  in- 
distinct design  or  outline  of  the  vegetable  form.  Of  course  the  speci- 
mens bearing  impressions  of  this  kind  are  of  little  value,  as  they  offer  but 
a  vague  representation  of  the  original  forms  of  the  plants. 

J6.     HOW  TO  SEARCH  FOR,  AND  OOLLECTT,  SPECIMENS  OF  FOSSIL 

PLANTS. 

The  plants,  like  the  animals  of  the  ancient  epochs,  have  left  only  frag- 
ments of  their  bodies  in  the  numerous  layers  composing  the  crust  of  the 
earth.  Not  a  single  plant  has  been  found  preserved  fossil  in  its  full  in- 
tegrity with  stems,  leaves,  flowers  and  fruits  attached  to  their  supports. 
Therefore,  often,  only  one  or  two  of  their  organs  can  be  found.  Thus, 
pieces  of  petrified  wood,  leaves  especially,  and  hard  fruits,  are  generally 
all  that  can  be  obtained  for  the  study  and  the  determination  of  a  plant. 
Everybody  knows  how  far  different,  even  upon  the  same  plant,  are  the 
organs  which  compose  it.  Taking  only  the  leaves,  for  example ;  a  single 
tree  has  them  all  more  or  less  different,  in  shape  and  size,  even  in  the  dis- 
position of  the  nerves  (the  nervation),  which  is  of  great  importance  for 
their  determination.  It  is  therefore  easily  seen  that  a  paleontologist  has 
more  chance  of  coming  to  a  better  understanding  of  the  characters  of  a 
plant  in  proportion  to  the  number  of  specimens  which  represent  it.  If 
the  collectors  for  show  cabinets  select  especially  specimens  of  fine  appear- 
ances, the  collections  for  study  should  always  have  as  large  a  number  of 
specimens  known,  or  supposed  to  belong  to  the  same  species,  as  possible. 
Therefore,  in  cutting  stones  for  specimens,  great  care  must  be  taken  to 
preserve  all  the  vegetable  fragments  derived  from  the  same  piece  of  rock ; 
or,  when  search  is  made  in  mines,  it  is  always  advantageous  to  select  and 
compare  plenty  of  specimens  around  the  same  place,  in  order  to  find,  if 
possible,  the  different  fragments  which  may  belong  to  a  plant  or  represent 
it  When  large  portions  of  plants,  branches  with  their  leaves  and  fruits, 
have  fallen  to  the  surface  of  the  bogs  and  entered  into  decomposition, 
their  parts  gradually  separate ;  first  the  leaves,  then  the  fruits,  then  the 
small  branches,  and,  after  all,  the  large  stems;  but  this  separation  gener- 
ally leaves  the  different  parts  in  proximity  and  therefore  the  researches 
upon  the  same  place  offer  more  chances  of  obtaining  a  whole  subject,  or 
a  large  portion  of  it;  and  it  is  not  only  the  leaves  of  separate  fragments 
which  have  to  be  studied,  but  their  mode  of  attachment,  the  mode  of  di- 
vision of  the  branches,  the  bark,  the  scars  upon  it,  which  are  all  of  im- 
portance for  determination. 

No  positive  directions  can  be  given  on  the  probability  of  obtaining  speci- 
mens in  the  rocks  according  to  their  different  components.  Limestone  and 
2— Gbol. 
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sandstone  foi|med  at  the  bottom  of  the  seas,  have  mostly  animal  remains, 
sometimes  mixed  with  marine  plants.  Even  land  plants,  like  floated 
trunks  or  branches,  may  be  found  in  rocks  of  this  kind.  But  this  is 
very  rare.  Brackish  shells  are,  however,  mixed  with  remains  of  plants  in 
the  roof  shale  of  some  coal  beds.  For,  sometimes,  ailer  the  heaping  of 
woody  debris,  the  surface  of  the  deposits  has  been  slowly  invaded  by  the 
water  of  inland  straits  or  bayous,  inhabited  by  shells,  which  have,  of  course, 
been  gradually  brought  with  it.  As  the  surface  of  the  bogs  was  for  a  time 
covered  with  some  kinds  of  plants  of  the  coal  age  which  had  continued  their 
vegetation  in  the  water  or  above  it,  supported  by  hillocks,  at  the  base  of 
the  trunks,  remains  of  plants  and  animals  have  been  there  mixed  to- 
gether. But  generally  the  best  specimens  of  fossil  plants  are  found  where 
plants  have  lived  alone,  and  this  b  generally  the  case  in  the  carbonifer- 
ous formation.  It  is,  therefore,  by  splitting  in  the  line  of  stratification  the 
schist  or  slates  of  the  roof  of  the  coal  beds  that  the  finest  specimens  of 
fossil  plants  are  found  in  this  country.  For  this,  a  hammer  pointed  on 
one  side  and  sharpened  on  the  other,  like  a  small  hatchet,  is  the  more 
valuable  instrument,  even  the  only  one  needed.  And  whenever  one  in- 
terested in  the  discovery  of  specimens  and  in  their  collection  has  his  habi- 
tation in  the  vicinity  of  a  worked  coal  bed,  or  still  better,  when  one  is  the 
proprietor  of  a  seam  of  coal,  he  may  easily  interest  the  miners  in  researches 
and  obtain  very  valuable  specimens  from  them.  A  proprietor  in  Pennsyl- 
vania has  thus  procured  from  a  smgle  bed  of  coal,  and  with  the  assistance 
of  his  miners,  an  immense  amount  of  materials,  representing  not  less  than 
one  hundred  and  eighty  species  of  coal  plants. 

V'  THE  NUMBER  OF  FOSSIL  PLANTS  KNOWN  FROM  THE  ANCIENT 
FLORAS  OR  WHICH  HAVE  BEEN  FOUND  AT  LOCALITIES 
REPRESENTING  THE  SAME  AGE,  AND  THEIR  VAL- 
UE IN  RELATION  TO  BOTANICAL  SCIENCK 

The  plants  preserved  fossil  are  always  very  few  in  comparison  with 
those  which  were  living  at  the  time  when  some  of  them  were  imbedded  in 
the  mud,  saod,  or  sofl  materials,  to  be  thus  guarded  against  decomposition. 
The  present  flora  of  the  borders  of  a  lake  or  swamp,  represents  a  mere, 
generally  unimportant  part  of  the  vegetation  of  a  whole  country.  Of 
any  local  group  of  plants,  a  few  only  may  fall  as  debris  into  the  mud  or 
the  imbedding  matter,  and  of  the  imbedded  fragments,  a  limited  number 
only  are  discovered  by  researches ;  for  the  discoveries  are  rare  and  depend 
on  peculiar  casualties,  or  on  peculiar  kind  of  works  like  quarries,  tunnels, 
etc.  The  chances  of  obtaining  a  tolerably  good  representative  of  an  ancient 
flora  are  thus  very  few,  except  perhaps  for  that  of  the  carboniferous.  It 
is,  therefore,  difficult  to  make  a  comparison  between  the  floras  of  the  an- 
cient formations  and  that  of  the  present  epoch. 
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The  number  of  fossil  plants  known  until  now  from  all  geological  form- 
ations does  not  represent  more  than  six  thousand  species,  while  the  flora  of 
the  present  time,  taken  in  its  whole,  would  probably,  if  entirely  known, 
comprize  more  than  one  hundred  and  fifty  thousand  species;  the 
phsenogamous  plants  alone  described  until  now  amounting  to  eighty 
thousand  species.  The  difierence  is  enormous  and  at  first  sight  seems  to 
imply  an  immense  superiority  of  the  richness  of  the  flora  of  this  epoch 
over  that  of  the  ancient  ones.  If,  however,  the  comparison  is  restricted^ 
as  it  ought  to  be,  to  plants  inhabiting  local  area^  of  reduced  space,  to 
the  number  of  pliants  now  growing  at  certain  localities  which  may  be 
supposed  of  a  superficial  extent  equal  to  that  where  a  number  of  fossil 
plants  have  been  discovered,  the  differences  will  appear  of  far  less  import- 
ance. For  example,  a  recent  catalogue  of  the  plants  known  as  living  in 
and  around  the  District  of  Columbia,  published  in  1881  by  the  Depart- 
ment of  the  Interior,  enumerates  eleven  hundred  species  of  phsenogamous 
plants.  Another  catalogue  of  the  species  observed  around  Buffalo,  in  a 
circle  whose  radius  is  more  than  fifty  miles,  has  twelve  hundred  and 
seventeen  species ;  while  a  third  catalogue,  that  of  Yale  College,  enume- 
rates twelve  hundred  and  thirty-three  species,  growing  within  thirty  miles 
of  the  College.  From  these  enumerations,  and  from  a  number  of  others 
published  of  different  localities,  one  may  admit  that  in  the  United  States, 
eleven  to  twelve  hundred  species,  inhabit  a  surface  of  thirty  square  miles, 
or  about  fifty  species  per  square  mile. 

Calculations  of  this  kind  are  always  hypothetical  in  a  great  degree,  as 
the  vegetation  varies  in  different  localities,  according  to  the  local  circum- 
stances, nature  of  the  soil,  temperature,  etc.  They  may  serve,  however,  to 
show  that,  against  the  assertion  made  to  the  contrary,  the  fossil  floras  of 
the  ancient  epochs  are  sometimes  locally  represented  by  a  number  of  spe- 
cies indicating  a  richness  of  vegetation  equal  or  surpassing  that  of  our  present 
time.  In  an  introduction  to  a* work  on  Paleontological  Botany,  considered 
in  England  as  reliable  authority,*  it  is  asserted  that  each  coal  bed  has  had 
a  very  limited  amount  of  species  of  plants  contributing  to  its  composition* 
''Their  number,  it  is  said,  particularly  in  the  ancient  beds,  is  rarely  more 
than  eight  to  ten  species.  In  other  cases  it  is  more  considerable,  but 
rarely  above  thirty  or  forty."  In  the  coal  beds  of  Cannelton,  Penna., 
which  is  worked  on  a  very  limited  area,  one  hundred  and  forty  species 
have  been  described  from  a  very  large  number  of  specimens  obtained  there 
by  systematic  researches.  The  specimens  here  positively  indicate  the 
components  of  the  coal,  for  they  are  derived,  not  irom  the  top  shale,, 
where  the  vegetation  might  have  been  modified  by  peculiar  circumstances 
after  the  deposits  of  combustible  materials,  but  from  the  bottom,  a 
hard  compact  cannel  shale  passing  above  to  Cannel  coal  by  a  gradual 

*  Introduction  to  the  study  of  Paleontological  Botany  by  Balfour,  (1872). 
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diminution  of  the  muddy  matter  originally  deposited  with  the  vegetable 
remains.  In  the  nodules  of  Mazon  Creek,  Ulinois,  derived  from  a  bed  of 
soft  clay  overlying  the  coal  of  that  locality,  one  hundred  and  fifty 
species  have  been  obtained  already,  and  from  the  same  shale,  above  the 
coal  of  Morris,  eight  miles  distant,  where  the  same  bed  of  coal  is  thick 
and  worked,  sixty  more  have  been  found,  of  which  fifty  have  not 
been  as  yet  observed  in  the  concretions  of  Mazon  Creek.  Adding  both 
numbers  it  is  seen  that  from  what  is  known  now,  two  hundred  species 
of  plants  have  contributed  to  the  composition  of  a  single  bed  of  coal, 
and  this  in  an  area  of  less  than  ten  square  mil^.  If  we  would  add  to 
this  the  species  of  plants  discovered  at  Murphysborough,  Illinois,  and 
Clinton,  Missouri,  where  the  same  bed  of  coal  is  worked,  the  number  of 
species  would  amount  to  two  hundred  and  fifty. 

The  formation  of  coal  is  comparable  to  that  of  the  peat  bogs  of  our 
time  and  both  materials  have  been  produced  under  peculiar  circum- 
stances, especially  superabundance  of  humidity,  and  with  peculiar  kinds 
of  plants.  For,  as  far  as  can  be  judged  from  the  observations  made  in 
France,  there  was  at  the  carboniferous  eixKjh  a  flora  inhabiting  dry  land, 
different  in  its  characters  from  that  of  the  bogs,  where  the  coal  was  in 
process  of  formation.  At  the  present  time  the  flora  of  the  peat  bogs, 
well  known  to  be  limited  in  its  characters  as  in  its  habitat,  is  com- 
posed of  one  hundred  to  one  hundred  and  fifty  species  of  plants,  accord- 
ing to  the  localities  where  ])eat  bogs  have  been  formed.  Pursuing  our 
comparison  on  this  new  ground  we  must  recognize  here  in  the  flora  of  the 
carboniferous  epoch  a  far  greater  richness  than  in  the  flora  of  the  peat 
bogs  of  our  time ;  for  as  yet,  more  than  nine  hundred  species  of  plants  are 
known  from  the  carboniferous  formation  mostly  found  in  connection  with 
beds  of  coal. 

And  now,  still  taking  for  another  point  of  eom[)arison  the  plants  which 
at  the  present  epoch  have  been  found  in  such  a  ^tate,  where  either  imbed- 
ded in  clay,  or  entombed  in  lime  deposits,  or  heai)ed  and  covered  with 
sand,  they  may  seem  prepared  for  fossilization,  we  are  still  surprised  to  find 
an  inferiority  of  the  representatives  of  the  present  flora  as  compared  with 
the  ancient  vegetable  fossil  remains.  The  leaves  of  a  single  swamp,  found 
still  recognizable  in  the  muddy  deposit,  do  not  represent  more  than  twenty 
species.  In  the  tufa,  produced  by  the  deposits  of  carbonate  of  lime,  I 
have  ^ever  found  more  than  a  dozen  species ;  this,  however,  in  deposits 
of  limited  extent.  Near  the  mouth  of  the  Ohio  River,  between  the  Cum- 
berland and  Tennessee  Rivers,  there  is  a  very  thick  accumulation  of 
leaves  and  fruits,  materials  heaped  aloug  the  borders  like  a  wall,  four  to 
eight  feet  high,  mixed  with  sandy  mud  and  in  a  very  good  state  of  preserva- 
tion. They  represent  of  course,  by  floated  remains,  the  present  arborescent 
and  bushy  vegetation  of  the  borders  of  the  river,  a  number  of  species 
amounting  to  one  hundred  to  one  hundred  and  twenty-five,  when  certainly 
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from  the  heaped  fragments  no  more  than  forty  species  could  be  deter- 
mined. 

Though  great  may  have  been  the  richness  of  the  ancient  floras,  their 
study  is  rendered  difficult  by  the  deficiency  of  the  fossil  specimens.  As 
it  has  been  said  above,  the  remains  of  plants  of  the  ancient  epoch  are  all 
more  or  less  fragmentary.  Of  all,  we  have  mere  parts,  representing  one 
or  two  organs  of  the  plants,  all  the  others  being  destroyed.  For  this  reason, 
the  study  of  paleontology  is  not  only  discouraging,  but  its  conclusions  are 
uncertain  and  more  or  less  unreliable.  As  it  will  be  seen  hereafter,  how^ 
ever,  there  are  often,  even  in  the  smallest  fragment  of  a  plant,  some  peculiar 
marks — characters,  which  indicate,  if  not  its  specific,  at  least  its  generic 
affinities;  and  certainly  now,  although  still  in  its  infancy,  vegetable  pale- 
ontology has  procured,  on  the  nature  of  the  plants  of  the  ancient  epochs 
on  their  relation  to  those  living  at  our  time,  on  the  atmospheric  circum- 
stances which  have  governed  the  earth  and  influenced  the  vegetation  at 
divers  periods,  data  of  such  high  value  that  it  is  now  generally  acknowl- 
edged as  the  faithful  and  reliable  assistant  of  geology.  Another  import- 
ant service  rendered  to  science  by  paleontology  is  its  positive  exposition  of 
the  gradual  development  of  the  vegetable  types,  from  the  first  apparition 
of  the  plants  until  now.  This  will  be  put  in  evidence  in  the  following 
chapter. 

28.    THE  PRINCIPAL    DIVISIONS   OF   THE    VEGETABLE   KINGDOM 
AND  THEIR  GENERAL  DISTRIBUTION  IN  THE  GEO- 
LOGICAL PERIODS. 

The  plants  inhabiting  the  earth,  either  on  the  land  or  in  the  water,  are 
considered  first  in  five  principal  divisions.  First  series.  The  Cryptogamous 
or  acotyledonous  cellular  plants.  Second.  The  vascular  acotyledonous  or 
Acrogens.  Third.  The  Gyranosperms  (phjenogamous).  Fourth.  The 
Monocotyledonous.  Fifth.  The  Dicotyledonous.  These  great  branches 
are  subdivided  into  classes,  orders,  or  families,  genera  and  species.  The 
most  essential  subdivisions  only  can  be  mentioned  here. 

Fird.  The  Cryptogamous  or  acotyledonous  cellular  are  the  Ftingi  (mush- 
rooms) the  IdchetiB,  both  land  plants,  of  which  few  have  been  preserved, 
fossil,  and  the  Alga,  either  marine  or  fresh  water  plants. 

Second,  The  Cryptogamous  vascular  plants  or  acrogens,  omitting  the 
CharaceoB  and  the  mosses  which  are  not  represented  in  the  old  formations, 
have  the  Equisetacece  (the  Horsetail  family),  the  FUicites  (Ferns),  and 
the  Lycopodiacece  (Club  moss  family). 

Third,  The  pheuogamous  gymnosperms  have  the  Cycadece  (mostly  now 
tropical  or  equatorial  plants),  and  the  ConiferSy  which  include  the  great' 
&mily  of  the  Pines. 
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Fourth.  The  Monocotyledonou8  plants  which  have  generally  long 
ribbon  like  leaves,  with  parallel  nerves,  like  the  grasses.  To  them  belong 
the  great  family  of  the  Palms. 

Fifth.  The  Dicotyledonous  plants,  whose  leaves  are  of  various  forms, 
generally  faUing  in  winter,  at  least  in  the  northern  climate,  and  which 
constitute  the  essential  part  of  the  present  vegetation. 

According  to  their  distribution,  that  is  their  great  degree  of  prevalence 
at  different  periods  of  time,  the  plants  represent  in  their  successive  devel- 
opment four  principal  epochs  or  reigns. 

Fird.  The  reign  of  the  Thallassophites  (  ThcdIassOy  the  sea,  and  phitton,  a 
plant).  The  marine  Algse  are  already  abundant  in  the  Silurian.  Some  of 
them  are  represented  PI,  1,  Figs.  1-8.  But  though  only  indistinct  remains 
of  vegetables  have  been  recognized  in  the  Cambrian,  the  presence  of  graphite 
in  the  rocks  of  that  age,  that  also  of  carbonaceous  substances  which  have 
blackened  whole  beds  of  slates,  seem  to  indicate  that  some  kind  of  vegeta- 
tion was  already  then  predominant  and  entered  into  the  compounds  of  that 
oldest  geological  formation. 

The  reign  of  the  Thallassophites,  as  referable  to  the  times  when  the 
Algse  were  the  only  representatives  of  the  vegetation,  has  been  until  now 
extended  to  the  middle  Devonian.  But  recently  remains  of  land  plants 
have  been  discovered  in  the  middle  and  upper  Silurian,  and  therefore  the 
first  epoch  has  to  be  much  reduced  in  time.  This,  of  course,  will  not  say 
that  the  Algw  have  ceased  to  exist  in  the  Silurian  or  the  Devonian.  They 
have  continued  their  life  until  the  present  time  in  all  the  localities  appro- 
priate to  it,  and  even  they  have  probably  greatly  increased,  if  not  in  the 
number  of  their  representatives,  at  least  in  diversified  specific  and  generic 
forms.  But  until  the  middle  of  the  Silurian,  as  far  as  we  know,  they 
reigned  alone  without  land  plants. 

The  second  epoch,  that  of  the  vascular  cryptogamous  plants,  includes 
the  Devonian,  the  Carboniferous,  and  the  lower  part  of  the  Permian. 
The  vegetation  of  that  epoch  was  composed  essentially  of  Ferns,  Lycopo- 
dia4xce  and  Equisetacecdj  with  some  phenogamous  gymnospermous  plants^ 
which  by  some  paleontologists  are  referable  to  the  Cycadese,  by  others  to 
the  Conifers,  but  which  seem  to  represent  an  intermediate  group  partaking 
of  some  of  the  characters  of  both  these  families.  Large  fossilized  trunks  are 
found  imbedded  in  the  black  shale  of  the  Devonian,  in  Indiana  and  Ohio 
especially.  By  analysis  of  their  internal  structure  the  woody  tissue  is  seen 
composed  partly  of  dotted  ducts  or  vessels,  like  the  wood  of  some  Conifers. 
It  is  probable,  however,  that  these  trunks  are  derived  from  CordaUes,  a 
genus  abundantly  represented  in  the  Devonian  and  the  Carboniferous  by 
large  trees  which,  as  it  has  been  recently  found,  have  in  the  texture  of  the 
wood  the  same  kind  of  perforated  ducts.  Hard  fruits  distributed,  spar- 
ingly in  the  Devonian  already,  but  abundantly  in  the  Carboniferous,  are 
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mostly  derived  from  these  CordaiieSy  and  by  tlieir  characters  a]so  they 
indicate  a  relation  to  the  OycadecB  as  well  as  to  the  Pine  family,  as  we 
shall  have  occasion  to  see  in  the  examination  of  their  remains. 

The  third  epoch,  known  as  the  age  of  the  Gymnosperms,  is  counted 
from  the  middle  of  the  Permian,  continuing  through  the  Trias  and  the 
whole  Jurassic  period,  represented  as  it  is  especially  by  the  Oycadeod  and 
the  Conifers  with  ferns  and  already  a  few  Monocotyledonous  plants.  But 
already  in  the  lower  Permian  some  Gymnospermous  and  traces  of 
Monocotyledonous  plants  are  found. 

Through  the  immense  number  of  ages  occupied  by  divers  formations  of 
this  vegetable  epoch,  the  vegetation  has  been  subjected  to  gradual  modifi- 
cations which  may  be  recognized  in  examining  the  characters  of  the  plants 
and  which  gives  occasion  to  a  number  of  more  or  less  important  subdi- 
visions. But  it  suffices  to  say  now,  merely  to  give  an  idea  of  the  length 
of  time  represented  by  that  period,  that  in  some  parts  of  Europe, 
for  example,  the  Jurassic  formations  have  a  thickness  of  not  less  than 
fourteen  thousand  feet  of  successive  strata,  some  of  which  are  composed 
mostly  of  remains  of  animals,  especially  shells. 

The  fourth  epoch  apparently  begins  with  the  Cretaceous.  It  is  that  of 
the  Angiospermous  or  Dicotyledonous  plants,  which  gradually  increase  in 
development  through  the  Tertiary  to  the  present  time,  when  they  consti- 
tute the  essential  part  of  the  vegetation.  They,  with  the  Conifers, 
mostly  compf)se  the  flora  of  the  temperate  regions  of  the  earth.  Oaks, 
maples,  poplars,  hickory,  willows,  etc. ,  belong  to  the  great  branch  of  the 
Dicotyledons. 

The  appearance  of  these  plants  in  the  Cretaceous  is  a  remarkable  phe- 
nomenon. In  the  lower  strata  of  the  formation  in  Greenland  a  single 
species  of  Dicotyledons,  a  Poplar,  has  been  found  mixed  with  the  re- 
mains of  ferns,  Conifers,  and  other  vegetables  of  the  third  epoch,  and 
already  in  the  middle  Cretaceous  of  North  America,  named  the  Dakota 
group,  the  Dicotyledons  are  found  in  a  predominance  quite  as  marked, 
if  not  more,  as  it  js  at  the  present  time,  and  representing  a  number 
of  types  still  remaining  in  the  North  American  flora,  like  Poplar,  Plane 
trees.  Beech,  Oak,  Magnolia,  Tulip  trees.  Sassafras,  Persimmon,  etc. 
This  vegetation,  so  different  from  that  of  the  third  period,  seems  like  a 
spontaneous  apparition,  or  creation,  and  has  greatly  interested  paleontol- 
ogists. But  it  is  evident  that  from  the  Jurassic  to  the  middle  of  the 
Cretaceous,  a  long  succession  of  ages  have  passed,  all  with  their  suc- 
cessive groups  of  vegetation  of  which  we  know  nothing  as  yet  The 
gradual  modification  of  these  groups  may  be  hereafter  opened  to  the  study 
of  the  paleontologist  by'new  discoveries.  For  vegetable  paleontology  is 
still  in  its  infancy.  Its  progress,  formerly  very  slow  in  this  country,  is 
now  rendered  more  active  by  the  prodigious  abundance  of  fossil  remains 
discovered  in  the  strata  of  most  of  the  formations  of  North  America, 
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and  by  the  impulse  given  to  researches  by  the  numerous  scientific 
institutions  and  associations  lately  founded.  Thirty  years  ago  the  coal 
flora  of  this  Continent  \vas  known  only  by  about  twenty  species  sent  for 
determination  to  Brongniart,  the  celebrated  French  Paleontologist;  now 
the  North  American  coal  flora  counts  more  than  seven  hundred  spe- 
cies. Fourteen  years  ago  nothing  was  known  of  the  Dakota  group  flora, 
of  which  more  than  two  hundred  species  have  been  now  described,  or 
examined  from  an  immense  number  of  specimens.  It  is  the  same  with 
the  tertiary  flora,  of  which  also  five  to  six  hundred  species  are  known. 
Hence,  the  progress  is  very  rapid,  and  shows  what  may  be  expected 
from  future  explorations,  which  are  now  greatly  &cilitated  and  encour- 
aged by  the  geological  surveys. 

29.    THE  HISTORY  AND  THE  CHARACTERS  OF  THE  PLANTS  KNOWN 
IN  THE  PALEOZOIC  FORMATION  OF  THE  UNITED  STATEa 

First  and  Second  Class.      Fungi  and  lAchem, 

It  is  scarcely  worth  mentioning  these  classes  of  vegetables,  as  very  few, 
if  any,  of  their  remains  have  been  found  fossil  in  the  paleozoic  times,  or 
even  in  the  recent  geological  formations.  Both  these  classes  of  plants, 
the  first  especially,  are  very  numerously  represented  now.  They  inhabit 
the  ground,  the  bark  of  trees,  the  vegetable  in  process  of  deconTposition, 
even  the  hardest  stones.  Of  mere  cellular  tissue,  they  have  been  de 
stroyed  easily  by  atmospheric  action.  Fungi  of  a  certain  order,  generally 
very  small,  are  now  found  everywhere  attached  to  the  leaves  or  the  decay' 
ing  wood,  etc.,  resembling  small  spots,  round  points  or  variously  curved 
lines.  These  have  been  sometimes  observed  upon  plants  of  the  cenozoic 
formations,  and  also,  but  very  rarely,  on  fossil  remains  of  the  Mesozoic. 
The  stems  of  the  coal  also  are  perforated  by  small  round  or  oval  depres- 
sions, which  may  be  taken  for  fungous  impressions.  But  they  have  not 
been  as  yet,  distinct  enough  to  afford  positive  determination.  Perhaps 
the  organism  the  more  positively  referable  to  a  Mushroom  in  the  carbon- 
iferous, is  that  which  I  have  discovered  under  the  bark  of  a  SigiUana^  in 
Pennsylvania.  Its  characters  recognized  by  competent  botanists  are  those 
of  Rhyzomorpha,  a  kind  of  plant  represented  by  long  intertexed  filaments, 
stems  or  radicles,  of  an  adventive  vegetation  formed  under  the  bark  of 
trees,  and  from  which,  certain  species  of  Mushrooms  are  derived.  These 
peculiar  remains,  Rhizomorpha  SigittaricPy  has  been  described  and  figured 
in  the  United  States  Coal  Flora,  p.  3,  pi.  13,  f.  2. 

Of  the  Lichens  s<^rcely  any  species  has  been  described  fossil,  except 
from  fragments  imbedded  in  amber. 
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Third  Class.     AUjct, 

These  plants,  mostly  water  plants,  named  Thalassophytes,  when  they 
live  in  the  sea,  Hydrophytes,  when  they  inhabit  fresh  water,  are 
extremely  variable  in  their  forms,  and  therefore,  numerous  in  their  spe- 
cies. 

The  fresh-water  Algae  are  of  a  soft  tissue,  generally  in  thin  filaments, 
easily  decomposed  after  death,  either  in  water  or  under  atmospheric  influ- 
ence. Their  remains  are,  therefore,  rarely  preserved,  and  it  does 
not  appear  that  any  of  them  have  been  discovered  in  the  paleozic 
formations.  These  plants  live  in  shallow  ponds,  canals,  or  any 
other  kind  of  basins  of  stagnant  water.  Their  part  in  the  economy  of 
nature,  though  unapparent  it  may  be,  is  not  without  appropriate  value ; 
for,  by  their  growth,  they  cleanse  stagnant  waters  of  a  part  of  their  im- 
puritieSy  allaying  their  miasmatic  influence ;  they  feed  by  their  vegetation 
an  immense  number  of  small  molluscs  and  other  animals,  and  by  their 
detritus  constitute  a  kind  of  clayey  mud,  rapidly  deposited  at  the  bottom 
of  the  basins  and  gradually  forming  layers,  sometimes  of  great  thickness. 
In  some  countries  canab  or  basins  of  wide  extent  prepared  by  man  for 
ornaments  in  parks  or  by  nature  in  land  depressions,  are  filled  with  half 
a  foot  of  muddy  deposit  in  one  year.  This  mud,  by  compression  and  the 
introduction  of  some  mineral  elements  soluble  in  water,  becomes  a  silice- 
ous compound,  a  kind  of  clay,  like  that  which  underlies  most  of  the  peat 
l)og8,  rendering  the  basins  impermeable  and  appropriate  to  the  growth  of 
the  plants  which  enter  into  the  composition  of  the  peat.  As  most  of  the 
coal  beds  are  underlaid  by  a  bottom  clay  of  the  same  appearance  as  that 
under  the  peat  bogs,  it  is  probable  that  the  origin  of  that  matter  is  partly 
due  to  the  vegetation  of  fresh-water  Algse  of  the  carboniferous  times.  As 
no  fragment  of  these  plants  is  preserved  in  the  mud  deposits  of  the  pres- 
ent epoch,  we  can  not  be  surprised  if  none  of  them  are  found  in  the  clay 
of  the  old  formations. 

The  marine  Algse,  though  generally  of  a  soft  tLssue,  are  less  rapidly 
destroyed  by  maceration.  Some  even  are  hard,  coriaceous,  and  of  these 
many  have  been  fossilized.  These  plants  are  extremely  numerous  and 
varied  in  their  forms.  Some  were  simple  celb,  microscopical  in  their  size ; 
others  very  long,  linear  and  simple;  others  divided  into  an  inconceivable 
multiplicity  of  branches;  others  still,  very  large  with  trunks  of  a 
foot  or  more  in  diameter  or  with  stems  hundreds  of  meters  in  length. 
Either  regular  or  irregular  in  their  divisions,  always  ^elegant  in  shape,  of 
a  most  pleasant  and  attractive  aspect,  being  diversely,  often  brilliantly, 
colored,  they  form  in  the  bottom  of  the  sea  like  floral  gardens  of  ad- 
mirable beauty,  or  sometimes  compose  at  the  sur&ce  of  the  ocean  im- 
mense carpets  of  a  vegetation,  which,  of  great  thickness,  covers  thousands 
of  square  miles  of  surfiice.     Such  is  the   Sargasso  Sea,  between    the 
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Canary  Islands  and  Terre  Nova,  where  tBe  progress  of  ships  is  often  re- 
tarded and  even  stopped  by  the  compact  tissues  of  the  inter- woven  plants. 
The  floating  prairies  between  the  Kurile  Islandd  and  Japan  are  also  of 
this  kind. 

It  is  certain  that  the  marine  Algse  have  in  the  economy  of  nature  a 
part  which,  though  still  somewhat  unrecognized,  can  not  be  less  import- 
ant than  that  assigned  to  land  vegetation.  They  feed  an  immense  num" 
ber  of  marine  animals,  they  keep  the  water  of  the  seas  clear  and  pure, 
they  give  to  man  fertilizers  for  the  land,  food,  coloring  matters,  a  num- 
ber of  valuable  compounds  for  domestic  use,  like  soda,  and  others  ob- 
tained by  chemical  agency.  But  they  are  useless  for  fuel,  their  texture 
being  merely  cellular,  not  fibrous  and  woody. 

This  fact  of  course  eliminates  the  hypothesis  of  some  naturalists  who 
have  supposed  that  the  marine  Algse  had  in  the  ancient  epochs  contribut- 
ed to  the  materials  of  the  coal  beds,  by  the  deposits  of  their  remains. 
When  rapidly  decomposed  under  atmospheric  influences,  the  marine  plants 
pass  to  a  fluid  state,  or  when  coriaceous,  they  are  dissolved  under  the  alter- 
nate action  of  dryness  and  humidity.  The  heaps  of  wrack,  or  of  hard 
species  of  marine  Algte  thrown  upon  the  beach  by  the  waves,  do  not  be- 
come compact  or  dry,  and  can  never  be  used  for  fuel,  like  peat ;  they 
gradually  pass  at  the  base  of  the  banks  into  a  half  fluid  matter,  which 
■  percolates  through  the  sand.  But  it  is  very  probable  that  the  Algae  of 
ancient  formations  may  have,  by  the  decomposition  of  their  debris,  con- 
tributed to  the  formation  of  mineral  oil,  and  filled  the  va^t  reservoirs  of 
this  precious  matter  now  so  greatly  used  and  no  less  important  for  the 
progress  of  the  civilization  of  our  age  than  have  been  the  deposits  of 
land  plants,  which  have  formed  the  coal.  For  the  remains  of  marine 
Algaj  are  sometimes  found  in  paleozoic  stratii  iu  prodigious  abundance. 
Whole  and  thick  beds  of  the  Devonian  are  filled  with  these,  and  in  some 
rocks  where  marine  shells  have  l)een  left  in  small  cavities,  and  where 
marine  plants  appear  to  have  been  decomposed,  the  casts  of  shells  are 
filled  with  mineral  oil. 
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§  10.     DESCRIPTIVE  PART.* 
FIRST  SERIES— ALG^. 

The  examination  of  the  fossil  Algse  is  forcibly  restricted  to  short 
descriptions  of  the  few  genera  and  species  more  definite  and  more  interest- 
ing in  their  characters. 

Soft  plants,  like  Algae,  have  been  generally  badly  disfigured  by  com- 
pression and  partial  decomposition,  and  nothing  has  been  left  for  their 
analysis  but  impressions  of  their  outlines,  which  are  very  rarely  marked 
by  peculiar  recognizable  characters.  For  this  reason  Brongniart  and 
other  phytopaleontologists  had  admitted  for  the  species  of  the  marine 
Algse  the  common  generic  name  of  Fucoides,  which  signifies  a  plant  more 
or  less  like  a  Fvcus.  Though  the  genus  is  still  preserved,  for  some  more 
recent  species,  authors,  among  others  Schimper,  in  his  Vegetable  Paleon- 
tology, have  modified  the  genus  to  a  more  or  less  great  degree,  by  sub- 
divisions which,  like  most  of  those  established  for  fossil  plants,  are  arti- 
ficial ;  for  they  depend  upon  characters  which,  observable  upon  fossil 
specimens,  are  supposed  to  be  identical  with  some  of  the  more  striking 
ones  observed  upon  living  plantd,  like  the  form  of  stems,  leaves,  etc.,  and 
which  are  of  no  real  importance  for  a  classification  based  on  nature 
(natural  classification).  Of  course  the  paleontologist  has  to  search  care- 
fully for  points  of  aflinity  between  the  preserved  organs  of  fossil  plants 
and  those  of  living  vegetables,  in  order  to  fix  a  classification  as  closely 
related  as  possible  to  the  order  established  by  nature.  But  sometimes,  no 
real  pomts  of  correlation  can  be  found,  and  this  is  the  case  with  the  Algse. 
For  example,  the  botanists  for  the  description  of  the  living  marine  plants, 
now  have  divided  the  whole  series  into  three  essential  families  or  sub-classes 
as  follows ; 

1.  Melanosperniew  (melanoSy  black — sperma^  seed).  Plants  olive  green 
or  olive  brown  in  color ;  fructifications  monoecious  or  dioecious. 

2.  Rhodospermea^  (rodeos,  rose  color).  Plants  rosy  red,  purple,  rarely 
brown  or  greenish  red  ;  fructification  dioecious. 

3.  Chloro8perme(B  (chloros,  light  green).  Plants  grass  green,  rarely  of 
a  livid  purple;  fructifications  disposed  through  all  parts  of  the  fronds, 
every  cell  being  capable  of  having  its  contents  converted  into  spores. f 

As  the  spores  or  seeds  of  the  AlgcB  can  be  discovered  only  by  microscop- 
ical anatomy,  and  as  the  color  of  the  plants  is  never  preserved  in  a  fossil 
state,  it  is  clear  that  a  classification  of  this  kind  fian  not  be  taken  into 
account  for  the  study  of  the  remains  of  fossil  Algce, 

^Some  of  the  desoriptioDS  arc  borrowed  or  modified  from  my  work,  U.S.Coal  Flora* 
report  P  of  the  Second  Qeol.  State  Survey  of  Pennsylvania. 
tW.  U.  Harvey,  Nereis  boreali—Amerioana. 
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I  shall,  therefore,  merely  remark  here  upon  some  groups  or  species  of 
Algce^  classing  them  according  to  what  is  known  of  their  distribution,  first, 
in  the  Cambrian  and  Silurian;  second,  in  the  Devonian;  third,  is  the 
Carboniferous. 


1.     CAMBRIAN  AND  SILURIAN  ALG^.. 
OLDHAMIA,  Forbes. 

Plants  composed  of  thin  filaments  of  equal  length,  with  fiexuous  or 
dichotomous  divisions,  disposed  star-like  around  a  central  point. 

0.  radiaia,  Forb.,  pi.  1,  f.  2  (3  enlarged),  Cambrian  rocks,  Ireland. 

These  remains,  as  yet  extremely  rare,  are  still  problematical  in  their 
nature  and  in  their  relation.  Some  paleontologists  have  considered  them 
as  being  those  of  animals,  Ascidians  or  Bryozoans ;  others  see  in  them 
merely  tracks  of  some  kinds  of  worms ;  others,  among  them  Schimper, 
who  has  had  for  examinations  the  best  preserved  specimens  of  this  kind, 
admit  them  as  plants  related  to  the  Nullipores  or  Coralines,  a  group  which 
is  still  represented  in  the  vegetation  of  the  seas  by  species  of  beautiful  and 
large  plants,  whose  tissue  is  generally  covered  with  a  stony  crust. 

Sl>H^.ROCOCCITES,  .St.* 

Plants  flat,  many  times  dichotomous,  from  the  ba.se  divisions  disposed 
starlike. 

8.  Sharayanus,  Goepp, 

Pr.l,/.  4. 

Plants  orbicular  in  outline,  composed  of  branches  diverging  from  around 
a  central  point,  branches  rigid,  forking  from  the  base,  fiat,  truncate,  or 
somewhat  obtuse  at  the  apex. 

Hob.  Lower  Silurian  of  Bohemia,  with  Chondrites  antupius;  Buthotre-^ 
pkby  flexuosa. 

HARLANIA,  Goepp. 

(Fueoide^,  HaU.) 

Fronds  thick,  coriaceous,  dichotomous-flabellate,  transversely  and  often 
longitudinally  furrowed,  hence  sub-quadrangular. 

*Thi8  genua  has  been  modified  by  Schimper,  and  now  contains  mesosoic  species  only. 
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H.     Hallu,  Ooepp, 

Plait  2,  fig.  Z. 

Abundantly  found  in  the  Medina  epoch,  the  lowest  of  the  Upper  Silurian, 
where  entire  strata  of  rocks  are  filled  with  this  peculiar  organism.  Its 
nature,  like  that  of  many  other  species  of  the  Silurian,  has  been  contested 
and  forms  of  this  kind  have  been  considered  as  being  tracks  of  some 
animals,  worms  or  crustaceans.  But  the  interlacing  of  the  fronds  which 
are  not  passed  through  or  flattened  by  superposition  of  others,  evidently 
contradicts  the  supposition.  They  were  apparently  tubulose,  like  other  . 
species  described  here  below,  but  already  of  a  somewhat  more  complex 
structure  than  the  species  of  the  lower  silurian.  The  genus  has  one  species 
only. 

SPIIENOTHALLUS,  HaU, 

{Sphen^  wedge — tfiallos,  shoot,  frond.) 

Plants  consisting  of  a  stem  with  diverging  wedge-form  leaves,  or  of 
detached  leaves,  having  this  form,  leaves  apparently  succulent  or  thick- 
ened, and  sometimes  coriaceous. 

The  author  describes  two  species.  S,  angudifolim  (with  narrow  leaves,) 
8,  latLfolim  (with  broad  leaves,)  remarking  that  this  genus  is  probably 
limited  for  its  habitat  to  the  silurian  or  lower  silurian  strata.  The  speci- 
mens were  found  in  the  Hudson  River  group,  or  the  upper  strata  of  the 
lower  Silurian,  corresponding  with  the  Cincinnati  group,  where  the 
oldest  remains  of  land  plants  have  as  yet  been  found. 

The  figures  given  of  this  species  by  Hall,  Pal.  of  New  York,  p.  261, 
pi.  68,  f.  1,  are  so  much  like  that  of  a  small  branch  of  CordaUeSf  that  if  the 
leaves  were  straight,  the  plant  would  be  referred  to  this  genus.  The 
leaves  of  Oordaiies  though  flat,  are  sometimes  succulent  and  of  thick 
texture. 

PAI.J50PHYCUS,  HaU, 
(Paleos,  ancient — phvco8,  marine  plant.) 

Frond  simple  or  ramose,  cylindrical,  or  sub-cylindrical,  articulate  here 
and  there.     Plate  1,  f.  5,  5  a. 

The  three  species  described  by  Hall,  are  P.  tuhidaris  P.  rugoms  and 
P.  simplex.  The  figure  quoted  above  gives  an  idea  of  the  characters  of 
these  plants,  though  it  represents  a  species  with  much  smaller  ^nds 
much  more  closely  and  distinctly  articulate.  These  specimens  have  been 
found  in  the  Trenton  limestone  of  the  lower  Silurian  of  New  York.  This 
genus  has,  however,  representatives  in  the  Devonian  and  even  the  Car- 
boniferous. 
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BUTIIOTREPHIS,  HaU. 
(Greek  for  produced  in  the  deptii  of  the  sea.) 

Frond  cylindrical  or  compressed,  ramose;  branches  numerous. 

Six  species  of  this  genus  are  described  and  figured  by  Hall  in  the  Pal. 
of  New  York,  B,  antiquata,  B,  gracilis ,  B,  succuleiUaf  B.  nodom,  B,  flexuosa 
and  B,  foliom.  B.  gracilis,  Hall,  pi.  1,  figs.  1,  6  and  7,  is  extremely 
variable,  at  least  if  we  have  to  consider  as  referable  to  the  same  species  all 
the  specimens  which  have  been  figured  as  varieties  and  which  differ  as 
much  in  the  size  of  the  plants  as  in  their  mode  of  ramification.  From  fig. 
5  to  fig.  6,  copied  from  the  same  plate,  5,  vol.  2,  of  the  Pal.  of  New  York, 
there  are  indeed  intermediate  forms  which  present  a  great  diversity  of  size 
and  ramification.  They  are  described  as  var.  gracilis,  intermedia  and 
crassa.  But  as  the  specimens  are  from  two  different  epochs,  the  Trenton 
lower,  the  Clinton  upper  Silurian,  some  of  the  so  called  varieties  may 
represent  true  si)ecies. 

Though  the  types  of  the  Algce  are  long  lived,  and  of  wide  distribution, 
it  is  probable  that  if  perfect  specimens  could  be  obtained  of  the  fossil 
species  they  would  show  a  much  greater  diversity  of  characters  than  it  is 
possible  to  see  from  the  often  indistinct  fragments  which  have  been  ob- 
tained. 

DICTYONEMA,  Hall 

{Pldyon,  fish  net.) 

Frond  divided  from  a  common  central  point  into  numerous  branches 
expanding  fan-like,  with  thick  branchlets  or  subdivisions  repeatedly 
dichotomouB  nearly  in  right  angles  connecting  the  primary  branches,  and 
forming  a  kind  of  reticulation  like  the  meshes  of  a  fish  net. 

D.  Retiformis,  and  D.  Gracilis,  Hall 

Pal.  of  New  Yark,  ti,  p.  174  and  175,  pi.  40  F.  and  40  0. 

These  two  8i)ecies  have  been  considered  by  Hall  as  corals,  but  he 
remarks  that  the  branches  consist  of  a  black  film  enveloping  a  semi-calca- 
reous or  carneous  interior,  being  apparently  like  OraptoUtes  in  texture. 
Schimper  remarks  that  the  fossil  is  changed  into  anthracite  in  the  Silurian 
strata  of  Norway,  and  that  Goeppert  has  discovered  a  sporange  placed 
upon  a  branchlet  connecting  two  primary  divisions;  that  therefore  the 
vegetable  nature  of  this  production  can  not  well  be  doubted.  In  the  De- 
vonian there  is  a  predominant  group  of  plants  which  have  great  afiSnity  of 
structure  with  Dictyonema. 
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2.     DEVONIAN  ALGJE. 

Though  remains  of  marine  plante  are  found  m  prodigious  abundance  in 
some  strata  of  the  Devonian  period,  few  have  been  collected  and  described. 
This  is  probably  due  to  the  great  difficulty  of  separating  distinctly  pre- 
served forms  from  the  heaps  of  materials,  or  rather  impressions,  which 
appear  to  have  been  made  by  these  remains.  The  strata  where  the  plants 
are  mostly  found,  beds  of  hardened  clay  or  sandstones,  have  their  hori- 
zontal layers  carved  in  a  multitude  of  more  or  less  irregular  impressions, 
representing  mere  fragments  of  plants,  of  which  no  definite  outline  can  be 
recognized.  The  appearance  of  some  surfaces  seems  produced  by  heaps  of 
vegetables,  thrown,  half  decomposed,  upon  a  soft  bottom  of  mud  or  sand, 
and  compressed  there  until  the  whole  vegetable  matter  has  been  embedded 
to  be  later  partly  destroyed  by  decomjwsition.  Formations  of  this  kind 
have  been  observed  in  Pennsylvania  in  the  vicinity  of  oil  bearing  strata. 
They  are  also  frequently  seen  in  the  Waverly  clay  beds  of  Ohio,  and 
from  these  beds  beautiful  specimens  have  been  obtained,  which,  however, 
have  not  yet  been  examined  for  description. 

Allusion  has  been  made  above  to  a  group  of  Algae  of  the  Devom'an, 
related  to  those  of  the  Silurian  by  their  composition  of  long  filaments 
radiating  from  a  common  center  and  transversely  crossed  by  branches 
which  seem  to  unite  them.  They  look  like  narrow  pieces  of  ribbons 
placed  vertically  and  horizontally,  at  a  short  distance,  imitating  in  minia- 
ture the  pattern  of  the  Scotch  plaid.  Of  this  group  three  genera  have 
been  described,  as  follows : 

UPHANTiENrA,   Vamix. 
(  Uphantos — woven.) 

Frond  large,  funnel  shaped,  regularly  latticed  by  broad,  ribbon  like 
ribs,  one  series  radiating  from  a  common  center,  the  other  disposed  con- 
centrically. 

U.  Cheinungensis,  Vanux;  the  only  species  known  has  been  found  in 
the  Chemung,  Upj)er  Devonian. 

DICTYOPHYLLUM,  HaU. 

Fnmd  flabellate  or  funnel  shaped,  latticed  by  radiate  and  concentrical 
divisions,  stem  obconical  or  sub-cylindrical,  hollow,  striate  outside  like  the 
divisions,  equal  or  with  inflated  round  or  nodose  articulations. 

Schimper  remarks  that  the  impressions  of  this  plant  are  fan  like,  but 
that  when  living  the  plant  was  funnel  shaped.  He  says  also  that  the 
Btem  is  inflated  here  and  there  by  large  knots  placed  the  one  above  the 
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other  with  some  likeness  to  the  stems  of  Halonia.  This  remark  is  not  ex- 
actly correct.  From  a  number  of  specimens  which  I  have  had  opportun- 
ity to  observe,  the  inflation  of  the  stems  is  merely  the  base  of  branches 
placed  in  horizontal  rows.  The  branches  short,  enlarged  at  their  point  of 
attachment,  narrowed  or  contracted  in  the  middle  where  (in  one  specimen) 
they  are  scarcely  one  cm.  broad  are  abruptly  enlarged,  knot-like,  at  the 
top. 

Hab,     Chemung  group. 

SPIROPHYTON,  Hall. 

Fronds  membranaceous,  cup-ehaped,  or  attached  to  a  short  stem  around 
which  the  lamina  is  spirally  turning  upward,  representing  in  its  sections 
and  by  compression  the  tail  of  a  cock  (cmida  galli). 

Half  a  dozen  species  of  this  genus  have  been  described  by  Hall,  the 
most  common  being  S,  cauda  galli.  The  general  appearance  of  these 
vegetable  organs  is  represented  pi.  2,  f.  1,  but  S,  cauda  gaUi  has  much 
broader,  more  circular  fronds  or  segments,  which  when  flattened  upon 
the  rocks,  as  they  generally  are,  have  a  diameter  of  twelve  to  twenty 
cm.,  often  forming  whole  circles  by  their  curved  branches.  Some  rocks 
are  locally  blackened  to  great  thickness  by  the  impressions  of  this  plant. 

3.     CARBONIFEROUS  AXGiE. 

For  a  long  time  it  was  supposed  that  no  kind  of  AlgsB  could  be  found 
in  the  coal  measures.  These  plants,  as  it  has  been  seen  above,  have  not 
entered  into  the  composition  of  the  coal,  and  therefore  their  remains  have 
not  been  mixed  with  the  species  of  land  plants  abundantly  preserved  in 
tlie  roof  shale  of  coal  beds,  though  these  sometimes  have  brackish  shells 
mixed  with  ferns,  etc.  The  coal  formations  covered  very  extensive 
inland  flats,  which  the  s^  did  not  penetrate,  or  which  came  into  it  by 
narrow  shallow  inlets,  inhabited  by  shells,  but  not  deep  enough  to  sup- 
port the  vegetable  marine  life.  The  Alg»  of  the  coal  have  been  found 
in  connection  with  beds  of  limestone,  or  of  clay  iron  ore,  more  rarely  in 
sandstone. 

As  yet  few  species  are  known.  Some  of  them  are  referable  to  the  two 
types  already  present,  one  in  the  Silurian  PaleophycuSf  the  other  in  the  Devo- 
nian, Thanurus  or  Fucoides  cauda  gaUi^  others  to  a  far  different  group, 
which  seems  peculiar  to  the  formation  and  has  indeed  remarkable  char- 
acters. Moet  of  the  species  have  been  found  in  Indiana,  and  though 
partly  described  and  figured  in  one  of  the  annual  reports,  they  should  be 
here  briefly  recorded  in  order  to  have  a  general  view  of  the  palaeozoic 
Marine  AlgsB. 

Of  the  genus  PcdowpkycuSy  Hall,  described  above,  we  have  seen  from 
Indiana:  ^  c\c^ci\c> 
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Paljbophycus  Mdlleri,  Lesq. 
Qeoi,  Rep,  of  Ind,,  1876,  p.  136,  p/.  1,  /.  1,  3. 

Frond  large,  erect  or  spreading  around  a  central  axis,  branches  forking 
in  an  acute  angle  of  divergence  or  anastomosing  between  them,  cylin- 
drical or  slightly  flattened,  generally  thick  toward  the  obtuse  apex,  some- 
times umbonate,  transversely  cut  or  strangled  by  deep  fissures  at  right 
angles  to  the  axis ;  surface  smooth  or  punctulate. 

Hah,  Concretions  of  carbonate  of  iron,  over  coal  L.  Vigo  County, 
Indiana.     E.  T.  Cox,  J.  F.  MUler. 

P.  GRACILIS,  Aeg^.,  fHaie  7,  fig.  J,  6a, 
Geol.  Rep,  of  Ind,,  1875.  p.  137,  pi  1,  JigB.  5,  6. 

Frond  small,  enlarging  upward  or  outside  by  repeated  dichotomy; 
branches  cylindrical,  forking  in  ^  more  or  less  open  angle  of  divergence, 
slender,  slightly  decreasing  in  thickness  from  the  base  up  to  an  obtuse 
point,  easily  split  transversely,  generally  smooth,  sometimes  punctate. 

Hab,     With  the  preceding,  of  which  it  may  be  a  variety. 

P.  DIVARICATUS,  Lesq. 

Oeol,  Rep,  of  Ind,,  1875,  p,  138. 

Frond  flattened  into  creeping  branches,  diverging  around  from  a  cen- 
tral axis  ;  branches  cylindrical  or  more  or  less  flattened  by  compression, 
irregularly  forking  and  anastomosing  by  cross  divisions  nearly  equal  in 
size  their  whole  length,  obtuse;  surface  smooth. 

Hab.     With  the  preceding.     J.  F.  MiJler. 

ASTEROPHYCUS,  Lesq, 

Stems  cylindrical,  expanded  and  divided  starlike  from  the  central  axis; 
segments  flattened  or  inflated. 

A.  SIMPLEX,  Ijesq, 
Plate  B,  fiu^  78. 
U.  8,  Coal  Flora,  p,  13,  plate  l.figs,  7  and  8. 
Frond  composed  of  cylindrical  spindle  shaped  branches  placed  starlike 
around  a  small  central  axis  and  free  to  the  base. 

Hab,  Ferruginous  clay,  above  the  millstone  grit  near  Beaver,  Pennsyl- 
vania. 

3— Grol. 
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A.  Coxii,  Lesq, 

Plate  %  fig.  4. 

Geol.  Rep.  of  Ind.,  1875,  p.  139,  p/.  2. 

DivisioDS  of  the  frond  flattened,  large,  oblong,  obtuse  or  obcordate ; 
surface  deeply  and  irregularly  wrinkled  lengthwise. 

Hab,  Hard  sandstone  or  quartzite,  in  connection  with  coal  beds.  Cut 
off*  of  the  Wabash,  near  New  Harmony,  E.  T.  Cox.  Also,  near  Rock 
Castle,  Ky. 

This  species  has  great  affinity  with  those  of  the  following  group,  being, 
like  them,* supported  by  a  stem  or  axis  around  which  the  divisions  of  the 
fronds  were  successively  placed  upon  another.  Its  relation  to  Algse  of  our 
epoch  is  unknown. 

C0N08TYCHUS,  /^. 

Stipe  cylindrical,  continuous;  frond  enlarging  from  the  base  upward 
in  the  shape  of  a  cup,  or  growing  up  and  enlarging  by  successive  super- 
posed concentrical  layers;  top,  cup  shaped,  concave. 

The  plants  of  this  gi'oup  are  distantly  related  to  a  tribe  of  Marine  Alg8& 
of  the  present  time,  the  AcetabtdaruE,  which  bear  upon  a  continuous  stipe 
successive  umbrella-shaped  fronds,  the  lower  rendered  solid  by  incrustation 
of  calcareous  matter. 

C.  Broadheadi,  Lesq. 

Stipe  short,  cylindrical,  transversely  ribbed ;  frond  semi-globular,  cup 
shaped,  concave  inside,  distinctly  three-costate  and  deeply  wrinkled  length- 
wise on  the  outside;  substance  thick. 

A  most  beautiful  organism  resembling  a  cup,  more  than  eight  cm.  across 
at  its  top,  five  cm.  upward  from  the  apex  of  the  stipe  to  the  borders, 
with  an  average  thickness  of  one  cm.  The  outside  has  three  equal  strong 
ribs  with  enlarged  wrinkles,  disposed  lengthwise  between  them,  and  regular 
undulate  rugose  branchlets  which  seem  as  sculptured  by  hand  for  the 
outside  ornamentation  of  the  cup.  This  remarkable  organism  has  been 
figured  in  the  U.  S.  coal  flora  (pi.  B,  f.  1)  with  the  two  following  species. 

Hab.  Shale  near  the  base  of  the  coal  measures,  Vernon  county, 
Missouri. 

C.  PROLIPER,  Lesq, 

Fronds  thick,  disciform,  concave,  disposed  in  a  successive  series,  upon  a 
continuous  narrow  cylindrical  stipe. 
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The  discs  are  like  small  plates,  coDoave  above,  abruptly  curving  on  the 
outside  of  the  axis,  with  a  nearly  flat  ba^e.  They  are  grown  superposed 
upon  each  other,  attached  to  a  central  axis  or  stipe,  whose  remnant  is 
seen  in  the  center  of  the  discs.    This  peculiar  species  is  not  very  rare. 

Hah,  Same  as  the  preceding,  also  found  in  Kentucky,  with  Asterophycus 
Coxii, 

C.  ORNATU8,  Lesq. 
PlaU  2,  /.  5. 

Frond  obconical,  compose3  of  superposed  layers  or  plates  generally 
increasing  in  width  from  the  base  upward,  and  regularly  lobate  on  the 
borders  by  deep  lines  diverging^  star-like  from  the  axis  and  passing  up  to 
the  top. 

The  mode  of  development  of  this  plant  agrees  with  that  of  the  two 
preceding  species  and  proceeds  from  a  cylindrical  basilar  axis,  by  the  su- 
perposition of  successive  layers  formed  around  it. 

Hab,  Sandstone  of  the  Coal  Measures  above  the  millstone  grit  of  Dli- 
nois. 

TA<»NURU8,  FiMh,-^Ost. 

Spiropkyton^  Hall,    Fucoidee,  Vantix,     Chondrites,  Laq. 

We  have  seen  above  Fuooides^  or  Spirophylon  Cauda  galli,  as  a  plant 
extremely  common  in  the  Devonian.  It  passes  up  to  the  lower  Carbonifer- 
ous, but  has  not  yet  been  found  above  the  Millstone  grit.  The  following 
species  procured  from  the  upper  coal  of  Dlinois,  appear  really  different 

Taonubus  Colletti,  Lesq. 
Plate  2,/.  1. 

Frond  large  narrowed  to  a  basilar  support,  obovate  in  outline,  lamina 
cut  into  narrow  linear  segments,  joined  in  their  length,  or  separated, 
curved  up  in  half  circles,  converging  to  the  borders.  This  species  appears, 
like  the  following,  derived  from  a  cylindrical  axis  to  which  it  is  attached 
by  its  narrowed  base.     • 

Taonurus  maroinatus,  Lesq. 

PUxU  2,  /.  1,  2. 

OatUerpUes  marffina^tutt  lAsq.       Trans,  Am,  PhU,f  vol.  13,  p.  314,  pi.  7.      Physophy- 

eu8f  Schp. 

Frond  derived  from  a  fucoidal  cylindrical  axis,  branching  in  its  lower 
part,  enlarged  upward  to  a  small  utricale,  which  gradually  expands  into 
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a  lyrate   lamina   folded  transversely  in    irregular  stria)  curving  scythe 
shaped  and  converging  on  both  sides  to  the  flattened  smooth  borders. 

This  species  merely  differs  from  the  preceding  an<l  from  Fucoides  Cattda 
galli,  by  the  persistence  of  its  fucoidal  8nuM>th  border  around  the  striate, 
or  plicate  lamina.  This  character  has  not  been  observed  in  F.  Chiida 
gain.  But  the  first  mode  of  growth  of  this  last  plant  has  not  been 
sufficiently  observed,  and  probably  we  have  here  a  demonstration  of  its 
peculiar  development  by  the  gradual  enlarging  of  the  hollow  cylinder 
into  a  vesicular  appendage,  as  in  f.  2,  considerably  enlarged,  for  the  com- 
position of  large  fn)nds,  like  those  figured  in  the  Mem.  of  the  Phil. 
Soc.,  where  the  border  is  persistent,  while  it  is  mostly  destroyed  in  1\  Col- 
lettif  and  entirely  so  in  F,  Cauda  galli. 

Hob.  Ferruginous  very  hard,  compact  shale  at  the  horizon  of  the  mill- 
stone grit,  on  Slippery  Rock  Creek,  Pennsylvania. 


II  SERIES— VASCULAR  ACOTYLEDONOUS  PLANTS  OR 

ACROGENS. 

FIRST  CLASS.    EQUISETACE^.  OH  HORSETAIL  FAMILY. 

Plants  herbaceous  or  tree-like,  coming  out  of  subterranean  articu- 
late rooting  rhizomas  often  tuberculate  at  the  articulations  (pi.  4,  f.  3); 
stems  genemlly  striate  or  furrowed  lengthwise,  fistulose  and  articulate, 
traversed  at  the  articulations  by  a  diaphragm  (partition  of  thin  cellular 
tissue) ;  branches  coming  out  at  the  base  of  the  leaves,  verticillate  like 
the  leaves,  which  are  generally  united  at  the  base,  forming  sheaths; 
flowers  of  both  series  bom  upon  a  fugacious  prothallium  (a  primitive 
tissue  composed  of  thin  intersected  filaments,  covering  the  ground  at  the 
base  of  the  plant**) ;  fructification  composed  of  verticillate  receptacles, 
attached  in  rows  around  a  central  axis  by  short  pedicels,  (pi.  4,  f.  5),  and 
superposed  in  the  form  of  a  cone,  (pi.  4,  f.  4  and  top  of  f.  1). 

This  class  is  separated  into  two  sub-classes,  the  first  compri.sing  the  true 
EquiietaceWf  to  which  is  applicable  the  above  definition,  and  to  which  be- 
long the  genus  Equiset^im  (Horsetail) ;  the  second  the  Calamariece, 

The  EquiseUtcece  are  at  the  present  epoch  herbaceous  plants  of  compara- 
tively small  size,  the  stems  in  the  northern  hemisphere  being  scarcely  one 
cm.  in  diameter  and  half  to  one  cm.  in  altitude,  in  the  tropical  regions, 
some  plants  of  this  family  are  four  to  five  cm.  high  and  two  cm.  thick. 
The  Equisetacece  have  had  their  largest  point  of  development  in  the  Trias 
and  the  Jurassic,  but  have  been  sparingly  represented  in  the  Carboniferous, 
there  only  by  a  few  separate  sheaths  of  Equisetite^, 

For  the  present  I  have  to  consider  merely  the  second  group  or  sub- 
class ;  that  of  the  Calamariece  or  CalamiteWy  which  essentially  differs  from  the 
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Equisetacece  by  the  leaves  free  to  the  base,  generally  lineal-lanceolate  or 
obconical ;  by  the  branches  coming  out  from  the  axils  of  the  stem-leaves, 
verticillate  in  the  upper  part  of  the  stems,  and  especially  by  the  great 
size  of  the  plants. 

The  origin  of  the  plants  of  this  section  goes  up  to  the  middle,  even  the 
lower  Silurian,  where  fragments  represented  (pi.  3,  f.  3-6)  and  referred  to 
two  genera  of  the  CalamariecR  have  been  found.  In  the  Devonian,  remains 
of  CalamiteSy  the  more  important  genus  of  the  Ccdamariece,  are  already  abun" 
dant.  But  the  group  takes  its  essential  development  in  the  Carbonifer- 
ous, where  trunks  and  branches  of  many  of  its  species  are  found  in  con- 
nection with  nearly  every  coal  bed  or  appears  to  have  composed  layers  of 
coal  by  their  remains  only.  From  the  upper  Carboniferous  to  the  middle 
Permian  the  Ckdamariew  rapidly  decline  and  altogether  disappear. 


CALAMARIILE. 

CALAMITE8,  5wJlw. 
Pt.  5,  /.  1-6. 

Plants  arborescent;  stems  cylindrical,  narrowed  at  base  to  the  point  of 
attachment  to  a  subterranean  rhizoma,  (  pi.  5,  f.  1 ,  reduced  size) ,  hollow, 
more  or  less  distantly  articulate,  constricted  and  traversed  at  the  articu- 
lations by  an  horizontal  membrane  (diaphragm,  f.  5),  regularly  striate 
or  costate  lengthwise  by  equal  parallel  more  or  less  broad  furrows  (f. 
2-5),  gradually  narrowed  or  rounded  at  top,  divided  at  the  articulations 
in  opposite  or  verticillate  branches.  The  leaves  upon  the  primary  stems 
fell  off  very  soon,  at  least  they  are  never  found  attached  to  the 
stems,  but  only  the  scars  of  the  point  of  attachment  are  marked  by  small 
round  or  oval  tubercles,  just  above  or  below  the  articulations.  These 
scars  are  distinctly  seen  upon  f.  4  and  5 ;  but  they  are  often  obsolete  or 
totally  destroyed,  as  in  f.  2  and  3.  The  branch-leaves,  however,  are 
generally  preserved  fossil.  They  are  all  equal,  linear,narrowed  up  to  a 
short  point,  free  to  the  base,  very  entire  and  costate  to  the  middle,  placed 
in  whorls  at  the  articulations.  The  fructifications  of  Ccdamites  are  de- 
scribed with  the  genus  AsterophyUites,  or  what  Schimper  calls  CalamodaduSy 
branches  of  GalamiteSy  as  they  are  considered  to  be  by  some  authors. 

For  a  long  time  the  derivation  of  tlie  stems  of  Calamiles  from  a  rhizoma 
and  their  mode  of  attachment  to  it,  have  been  unknown,  and  the  ancient 
authors,  Brongniart,  Lindley  &  Hutton  and  Sternberg,  have  sometimes 
considered  the  conical  part  of  the  stems  as  their  top  and  have  figured 
them  accordingly,  or  upside  down.  Recently  some  authors,  especially 
Grand  'Eury,  a  celebrated  paleontologist  of  France,  have  discovered  the 
rhizomas  and  have  seen  the  mode  of  attachment  of  the  fetems,  as  seen  in 
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pi.  5,  f.  1,  a  figure  copied  from  the  Coal  Flora  of  this  last  author.  It  ap- 
pears, however,  that  the  stems  of  the  Ccdamites  have  been  very  soon  sep- 
arated at  their  base  from  the  rhizomas,  or  that  rootlets  and  rhizomas  being 
of  a  soft  cellular  tistue,  have  been  rapidly  destroyed  by  maceration,  and 
for  this  reason  are  rarely  found  in  connection  with  stems.  There  is  near 
Garbondale,  Pennsylvania,  a  forest  of  CalamUeSy  whose  stems  are  still 
standing,  embedded  into  a  bank  of  sandstone,  twenty  to  thirty  feet  high, 
through  which  an  inclined  tunnel  has  been  cut.  An  immense  amount  of 
fiugments  of  these  stems  have  been  thrown  out  of  the  mine  and  neither 
m  connection  with  the  fragments,  nor  at  the  base  of  the  stems  seen  erect 
along  the  walls  of  the  tunnel,  could  any  remains  of  rootlets  or  of  rhizomas 
be  discovered.  The  stems  are  there  in  their  natural  state  and  position, 
as  they  were  when  living,  erect,  covered  with  a  thin  hard  polished  and 
ribbed  epidermis,  the  whole  internal  cylinder  transformed  into  sandstone, 
but  the  original  hollowness  of  the  trees  is  seen  in  transversal  bends, 
depressions,  irregular  folds,  caused  evidently  by  compression,  or  by  semi- 
prostration;  for  when  they  were  imbedded  in  the  sand  by  some  cata- 
clysm, they  were  already  dry  and  in  an  incipient  state  of  decay.  The 
stems  of  these  CalamUes  at  Garbondale  vary  from  eight  to  sixteen  cm. 
in  diameter,  and  as  far  as  can  be  seen  from  the  thickness  of  the  sand- 
stone bank  through  which  they  pass,  as  some  of  them  are  seen  piercing 
the  upper  surface  of  the  bank,  their  length  was  six  to  eight  meters. 
Some  larger  trunks  of  CcUamitea  have  been  observed  in  Carboniferous 
strata,  but  they  are  generally  found  flattened  after  decomposition,  and  it 
is  then  difficult  to  measure  exactly  their  diameter. 

The  Calamites,  as  said  already,  have  contributed  a  large  part  of  the  ma- 
terials which  enter  into  the  composition  of  the  coal  beds.  Their  range  of 
diBtribution  is  from  the  middle  Devonian  to  the  Permian.  They  lived  in 
local  groups,  under  circumstances  favorable  to  their  growth ;  for  if  some 
beds  of  coal  appear  nearly  entirely  formed  of  their  remains,  no  trace  can 
be  seen  of  them,  neither  in  the  coal  nor  upon  the  roof  shale  of  some 
others.  They  were  probably  annual  or  of  short  existence,  and  thus, 
though  their  stems  were  hollow,  they  could  contribute  to  the  matter  of 
the  coal  an  immense  amount  of  woody  materials  by  the  repeated  prostra- 
tion and  heaping  of  their  stems  and  branches. 

The  possibility  of  such  a  fact  has  been  disputed  by  some  authors  as  being 
against  the  laws  of  nature,  which,  at  the  present  epoch,  they  say,  can  not, 
even  in  humid  tropical  regions,  produce  such  an  amount  of  vegetable  mat- 
ter by  the  growth  of  any  tree  in  one  year.  Without  considering  the  great 
difference  in  the  atmospheric  conditions  at  the  coal  period,  as  compared 
with  those  existing  now,  it  may  be  remarked  that  we  have  in  the  present 
flora  of  North  America  a  kind  of  vegetable  which,  in  its  nature  and 
mode  of  life,  may  elucidate  in  some  way  the  mode  of  vegetation  of  the 
Ccdamites,     The  •  Cane  (Arundinaria)  is  a  kind  of  grass,  which,  in  the 
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swamps  of  the  South  or  on  the  borders  of  some  rivers,  grow  at  one  shoot 
twenty  feet  in  length — even  more,  branch  the  second  year  and  a  few  times 
afterward,  until  it  flowers,  and  then  dies  and  decays.  The  undergrowth  of 
forests  of  Magnolias  and  other  large  trees  in  the  Dismal  Swamp  of  Vir- 
ginia, is  essentially  composed  of  Canes,  growing  so  close  that  they  form  a 
kind  of  impassable  wall  which  can  be  penetrated  only  with  the  ax.  In 
some  years  this  whole  compact  mass  of  vegetation  is  locally  prostrated, 
giving  by  its  decomposition  a  thick  layer  of  woody  matter  or  peat. 

The  bark  of  the  CalamiteSy  sometimes  thick,  is  easily  destroyed  by  mac- 
eration, and  therefore  most  of  the  specimens  of  stems,  obtained  in  sand- 
stone and  other  kind  of  strata,  are  merely  impressions  of  the  mold  or  of 
the  inner  surface  under  the  bark.  This  bark  is  sometimes  a  hard,  pol- 
ished crust  of  no  more  than  one  mm.  thick,  while  some  species  (pi.  5,  f.  6), 
have  a  thick  compact  woody  bark,  often  as  persistent  against  decomposi- 
tion as  the  inner  wall  of  the  cylinder.  A  specimen  of  the  same  species 
as  the  one  figured  as  quoted  above  has  the  inner  cylinder  six  and  one- 
half  cm.  broad,  flattened,  and  the  bark  one  and  one-half  cm.  thick.  From 
this  peculiar  character  and  from  that  of  some  AsterophyUites,  Brongniart 
and  other  authors  have  supposed  that  these  vegetables  are  not  all  mere 
acrogen  plants,  but  that  some  of  them  are  referable  to  dicotyledonous 
gymnosperms  of  a  peculiar  genus  allied  to  the  conifers,  and  named  Bornia 
or  Calamodendi'on, 

The  specific  characters  of  the  Calamitea  can  be  derived  only  from  the 
outside  appearance  of  their  bark  or  from  the  surface  of  the  stems,  the 
ribs,  their  width  and  relative  position  in  crossing  the  articulations  where 
their  ends  are  either  continuous  in  the  same  plan  of  direction,  or  alter* 
nate ;  from  the  distance  of  the  articulations,  the  size  and  position  of  the 
tubercles  or  scars  of  leaves,  etc. ,  and  as  all  these  so-called  characters  are 
variable  sometimes  upon  the  same  stem,  it  is  very  diflicult  to  satisfactorily 
define  the  species.  Some  authors  have,  for  this  reason,  multiplied  them 
in  great  number;  others,  like  d'Ettingshausen,  have  come  to  the  conclu- 
sion that  there  is  only  one.  There  are,  however,  between  their  stems, 
some  diflerences  which  appear  to  be  constant  and  sufliciently  distinct  to 
be  considered  as  specific.  And  what  shall  be  seen  here  below  of  the  fructi- 
fications of  AderopliyUites,  evidently  shows  that  if  the  Calamites  are  their 
trunks,  they  ought  to  represent  a  certain  number  of  species.  Those 
which  are  more  generally  admitted  are  the  following : 

Calamites  Suckowii,  Brgi, 

PL  6,  /.  5. 

Stems  of  medium  size,  always  larger  than  the  space  between  the  artic- 
ulations; ribs  half  round,  separated  by  narrow  furrows;  tubercles  oval, 
more  or  less  distinct;  bark  thin.     The  most  common  species  of  the  genus. 
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C. -MAJOR,   Weisft. 

Stem  large,  twenty  cm.  or  more ;  articulations  close ;  ribs  large,  three 
mm.;  bark  thicker  than  in  the  preceding. 

C.  RAMOSUS,  Artis, 

Stem  branchbg  at  the  distant  articulations  (merely  in  the  upper  part); 
ribs  flat,  furrows  narrow ;  tubercles  oval  or  undefined  at  both  ends  of  the 
ribs;  scars  of  branches  large,  round. 

C.  CANN^FORMIS,  SchloUl, 

PL  6,  /.  2. 

Stems  large,  articulations  at  variable  distances ;  furrows  broad,  obtuse, 
sometimes  marked  in  the  middle  by  a  sharp  line;  ribs  convex,  wedge 
form,  alternately  jointed  at  the  articulations ;  scar  leaves  distinct  or  obso- 
lete. 

C.  APPROXIMATUS,  SchlotL 
PI,  5,  /.  6. 

Stems  very  variable  in  size ;  bark  thick ;  articulations  somewhat  con- 
tracted, close,  especially  toward  the  base  where  they  are  sometimes  only 
one-half  cm.  distant ;  ribs  indistinct  upon  the  bark  ;  surface  clearly  marked 
upon  the  impressions  of  the  under  side,  convex,  with  deep  furrows,  two 
or  three,  sometimes,  converging  at  the  base  to  one  point  of  the  articula- 
tions. 

C.  CiSTii,  Brgt, 
Pl.b,f.i. 

Articulations  distant,  ribs  narrow,  half  round  ;  furrows  obtuse,  striate, 
tubercles  small,  round,  oval  or  absent. 

C.  DUBIU8,  Artis. 

Merely  differs  from  the  last  by  the  furrows  more  distinctly  striate,  the 
ribs  narrower,  the  articulations  very  distant,  the  tubercles  mostly  obso- 
lete. 

BORNIA,  lioem. 

Differs  from  Calamites  by  the  articulations  scarcely  constricted,  the 
ribs  being  cut  square  or  obtuse  at  the  articulations  and  continuous  (not 
alternating);  cortical  cylinder  thick;  leaves  verticillate. 
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Genus  as  yet  unsatisfactorily  defined  like  Calamitea  and  Calainodendron, 
and  of  which  one  species  only  is  described,  Bomia  radiata,  Schp.,  (CbZa- 
miteSy  Brgt.),  represented  by  a  stem  bearing  a  row  of  canaliculate  leaves 
at  the  artimilations.  The  leaves  of  the  only  specimen  I  have  seen  as 
referable  to  it  are  less  than  one  mill,  broad  and  six  and  a  half  cm.  long, 
apparently  joined  by  two  at  the  base. 


ASTEROPHYLLITES,  Brgt 

PL  6. 

Oalamodadu8f  Sehp.  Bechera,  Bruckmannioj  VolkmcmniOf  etc.  St, 

Stems  articulate;  branches  opposite,  simple,  open  or  oblique ;  central 
axis,  hollow  or  solid ;  leaves  verticillate,  free  to  the  base,  linear  and 
acuminate,  simple-nerved ;  fructifications  either  in  elongated  ears  or  cones, 
bearing  double  sporanges  attached  to  the  axis  by  a  short  pedicel  (pi.  4, 
f.  9,  10),  or  in  tubercles  (macrospores),  attached  to  the  axils  of  the 
leaves. 

There  is  still  a  great  deal  of  uncertainty  concerning  the  true  nature  of 
the  plants  which  have  been  named  AeterophyUites  by  Brongniart  and  most 
of  the  authors  after  him,  and  which  considered  as  branches  of  Ccdamites 
by  Schimper,  and  described  under  the  name  of  Ccdamocladus  or  OafamajJiyl- 
lileSy  appear  to  have  a  more  marked  degree  of  analogy  to  the  LycopodiouxcR 
than  it  has  been  supposed  until  now.  PI.  4,  f.  6,  9,  10  show,  by  the 
cross  section  of  a  cone,  exactly  the  same  kind  of  fructification  as  is  observed 
on  a  cone  of  living  EquUetumy  f.  1,4,  5.  Now  I  have  figured  pi.  6,  f. 
4-6,  branches  of  AsteropJiyllUes  gracilis,  bearing  (f.  5)  small  tubercles,  oir 
rather,  macrospores,  in  the  axils  of  the  leaves,  and  fig.  6  a  conical  ear  of 
the  same  nature,  by  its  oiitside  characters,  as  that  of  pi.  4,  f  6,  and  still  in 
f.  3  of  pi.  6,  an  ear  also  of  the  same  kind  as  those  which  are  generally  con- 
sidered as  fructifications  of  the  AderophyUUes,  F.  5  and  6  belong  to  the 
same  species ;  the  character  of  the  leaves  is  too  distinct  from  those  of  any 
other  species  to  permit  any  doubt  about  the  identity  of  the  specimens, 
which,  moreover,  are  all  from  the  same  locality  and  mostly  upon  the 
same  pieces  of  shale.  As  far  as  I  have  been  able  to  see  it  by  breaking 
some  of  the  sporanges  off.  3,  they  contain  only  microspores,  so  small,  in- 
deed, that  with  a  high  power  of  the  microscope  they  appear  like  glom- 
erules  of  pulverulent  matter;  while  branches  of  AsterophyUUes  have  the 
tubercles  of  the  axils  of  the  leaves  very  close,  as  f.  2,  and  some  of  them, 
distinctly  exposed  by  falling  off  of  the  leaves,  show  the  tetrahedral  struct- 
ure of  macrospores.  This,  indeed,  indicates  a  fructification  very  much 
like  that  of  the  Lycopodiacecs  of  the  coal,  as  seen  in  pi.  16,  f.  5,  6.  This 
peculiar  mode  of  fructification  is  still  elucidated  by  the  characters  of 
other  specimens.     But  until  this  question  may  be  decided  by  the  anatomy 
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of  silicified  cones,  cut  in  thin  lamellae  for  microscopical  examination,  I 
shall  follow  the  general  classification  of  the  European  authors  and  describe 
the  cones  like  those  of  pi.  4,  f.  5,  under  the  name  of  Calamodiachys  (stachySf 
an  ear),  and  those  like  f.  3,  6,  as  Volhnannia.  • 

The  range  of  distribution  of  the  genus  AsterophyllUes  is  from  the  Middle 
Devonian  to  the  Permian,  like  that  of  Qdamites,  Its  more  commonly 
found  and  more  distinctly  characterized  species  are  the  following : 


A.  EQUI8ETIFORMI8,  Schloth, 

PL  6,  /.  1-2. 

Primary  branches  long,  striate;  costa  thick;  branches  more  or  less 
oblique ;  leaves  linear  acuminate,  open,  straight  or  curved  inwards,  thick- 
ly costate;  fruiting  plants  with  thick  branches,  close  articulations  and 
small  round  tubercles  in  the  axils  of  the  leaves.  PI.  vi,  f.  3  may  repre- 
sent the  Volhnannia  of  this  species,  which  is  common  in  all  the  thickness 
of  the  coal  measures. 

A.  ANTHRACINU8,  Hcer. 

Is  much  like  the  preceding,  differing  merely  by  the  leaves,  longer 
than  the  intemodes,  curved  upward,  the  medial  nerve  obsolete.  Not  as 
common  as  the  preceding.     Middle  coal  measures. 

A.    LONGIFOLIU8,  Bl'gt. 

Branches  generally  small ;  articulations  distant ;  leaves  numerous,  very 
long,  six  cm.  or  more,  and  narrow,  scarcely  one  mill,  in  diameter,  flat,  flex- 
uous,  apparently  soft,  subulate  pointed.     Lower  coal  measures,  rare. 

I  have  seen  a  specimen  which  seems  to  be  the  VoUcmannia  of  the  spe- 
cies. It  is  the  upper  part  of  a  branch  one  cm.  broad,  irregularly  striate, 
with  lateral  branchlets  or  ears  two  and  one  half  and  three  and  one  half 
cm.  long,  covered  with  appressed  linear,  narrow  scales  eight  mill,  long, 
connate  to  near  the  apex,  twice  as  long  as  the  articulations.  The  leaves  of 
the  stems  are  two  to  four  cm.  long,  narrow,  broadly  flat-nerved,  lineate 
lengthwise  by  the  erosion  of  the  surfece  exposing  the  fibrous  texture. 

A.  REGiDUs,  Brgt, 

Differs  from  the  preceding  by  thick  branches,  the  short  articulations, 
the  leaves  rigid,  shorter,  concave  or  carinate,  incurved,  half  cylindrical, 
the  thick  nerve.     It  is  more  generally  found  than  the  last. 
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A.  suBLJEVis,  Lesq, 

Branches  thick;  articulations  close,  equidistant;  internodes  smooth,  not 
ribbed,  merely  slightly  undulate  under  the  inflated  articulations ;  leaves 
short,  linear-lanceolate,  gradually  acuminate;  branchlets  at  right  angles, 
short,  narrow,  with  two  or  three  whorls  of  short  leaves.  Very  rare  ex- 
cept in  the  anthracite  of  Rhode  Island. 

A.  FOLI08U8,  U.  and  JBuU. 

Branches  slender,  narrowly  striate;  leaves  shorter  than  the  articula- 
tions, generally  open  and  flat,  in  whorls  of  eight  to  ten ;  distinct  at  base, 
linear  lanceolate,  obscurely  nerved. 

Species  described  under  many  specific  and  generic  names  from  the 
diflferent  appearances  presented  by  its  fragments;  the  trunk  and  branches 
are  sometimes  covered  with  rootlets  divided  in  multiple  very  thin  fila- 
ments which  have  been  described  as  Pinntdaria  or  M^opkyttum^  etc., 
while  the  tops  of  the  branches,  forming  buds  with  close  appressed  leaves, 
have  been  taken  for  AniwUirui,  It  is  not  rare,  but  often  in  unrecogniz- 
able ^*agments. 

A.   ORANDI8,  8L 

Stems  distinctly  striate,  contracted  at  the  articulations;  leaves  open, 
narrowly  linear-lanceolate,  short,  thin,  with  the  nerve  indistinctly  marked. 
This  has  been  described  as  Bechera  by  LI.  and  Hutt     Rarely  found. 

A.   PABCIC?ULATU8,   Le9q. 

FkUe  6,  /.  7. 

Stem  comparatively  thick ;  branches  dichotomous ;  fistsciculate  or  oppo- 
site and  distichous ;  distinctly  striate  under  the  articulations ;  internodes 
short ;  leaves  short,  three  to  four  mm. ,  lanceolate ;  fructifications  in  axil- 
lary tubercles  of  narrow  linear  spikes.  A  fine  species  especially  found  in 
the  coal  of  Clinton,  Missouri. 

A.  GRACILIP,  Lesq. 

PUUe6,  f.A-6:  pf.b,/.S. 

Ultimate  branches  very  slender,  obscurely  striate ;  leaves  two  mm.  long, 
longer  than  the  internodes,  narrowly  lanceolate,  pointed,  curved  inward 
in  whorls  of  eight  to  ten ;  fructifications  of  two  kinds;  in  lanceolate  cones 
{Volhnannia)f  sessile  on  the  articulations,  narrowed  at  the  point  of  at- 
tachment, three  cm.  long,  one-half  cm.  broad  toward  the  base,  covered 
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with  appressed  imbricate,  short  lanceolate  scales,  connate  to  the  middle, 
pointed  (f.  6),  and  in  small  tubercles  attached  in  rows  in  the  axils  of  the 
leaves  (CalaTnostadiySf  f.  5  and  5a).  The  fragment  of  Ccdarmies  (pi.  5,  f. 
3),  represents  the  stems  of  this  species.  Found  as  yet  in  the  sub-conglom- 
erate coal  measures. 

ANNULARIA,  Brgt. 
Plate  3,  /.  3—36/  pL  7,  /.  1-5. 

Stems  articulate,  traversed  at  the  articulations  by  a  strong  diaphragm  ; 
branches  opposite,  diverging  nearly  at  right  angles  from  the  articulations; 
leaves  verticillate,  joined  at  base  by  a  narrow  ring  (^Annidus),  hence  their 
name,  lanceolate,  spathulate  or  lingulate,  abruptly  or  gradually  acumin- 
ate, sometimes  obtuse,  fleshy,  even  emarginate  at  the  apex;  fructifications 
in  long  cylindrical  spikes  with  close  articulations  and  narrowly  lanceolate 
bracts,  bearing  round  sporanges  in  the  axils  of  the  leaves,  or  oval  ones 
pedicellate,  attaclied  in  the  middle  of  the  internodes. 

The  fructifications  as  described  and  figured  by  the  authors  are  much 
like  those  of  Aderophyllites.  But  their  characters  are  not  yet  suflSciently 
known  ;  for  these  fructifications  are  very  rare,  at  least  as  found  attached 
to  their  support. 

A.  LONGIFOLIA,  Brgt, 

PtaU  7,  /.  1,  2. 

Stem  narrowly  striate;  leaves  in  whorls  of  eighteen  to  twenty-four, 
lanceolate  spathulate,  more  or  less  abruptly  acuminate,  medial  nerve  broad, 
deep.    A  very  common  species,  and  very  variable  in  the  size  of  its  leaves. 

A.  INFLATA,  Lesq, 

Leaves  inflated,  semi-cylindrical,  club-shaped  and  obtuse,  apparently 
fleshy ;  medial  nerve  none,  or  indistinctly  seen  upon  leaves  flattened  by 
compression. 

May  be  a  variety  of  the  preceding  species  deformed  by  immersion ;  the 
number  of  the  leaves  is  generally  greater,  twenty-six  to  thirty-two  in  the 
large  whorls.     Rarely  found  except  in  the  nodules  of  Mazon  Creek. 

A.    CALAMITOIDES,  Sckp, 

Stems  thick,  branches  closely  articulate;  stem  leaves  long,  erect,  nu- 
merous; branch  leaves  shorter,  linear-lanceolate  gradually  acuminate. 
The  leaves  are  flat,  shorter,  not  as  thick  as  inui.  Imgifdia.  A  rare  species. 


Digitized  by 


Google 


HBPORT   OF   STATE   GEOLOGIST.  45 

A.    8PHENOPHYLLOIDE8,    Brgt, 
Plate  7,  /.  3,  4,  5. 

Stems  slender ;  branches  and  branchlets  at  right  angles ;  verticils  flat, 
of  twelve  to  twenty  leaves  which  are  often  longer  on  the*  outside,  spathu- 
late,  slightly  emarglnate  or  obtuse  at  the  apex,  (f.  3,  4,)  or  abruptly  apic- 
ulate,  (f.  5,)  more  or  less  re-curved  on  the  border.  The  species  is  com- 
mon and  very  variable ;  mostly  found  in  the  middle  coal  measures. 

A.  Emersoni,  Jjcsq, 

.  Plaints  of  small  size ;  stems  comparatively  strong,  distinctly  striate,  with 
divisions  as  in  the  last  species;  verticils  of  leaves  smaller;  leaflets  thick, 
oblanceolate,  taper  pointed ;  costa  none  or  immersed  and  obsolete. 
A  fine,  small  species,  found  at  the  horizon  of  the  Pittsburg  coal. 

A.    RCEMINGERI,    IjCSq. 
PlaU  3,  /.  3-36. 

Stems  long  and  slender,  articulate,  smooth ;  articulations  at  short,  reg- 
ular distances,  inflated,  bearing  oblique  branches  and  small  Ungulate  ap- 
parently flat  leaves,  either  truncate  or  rounded  at  the  top ;  nerve  obsolete. 

The  remains  of  this  plant,  which  is  not  very  clearly  defined  on  ac- 
count of  too  fragmentary  specimens,  merit  to  be  considered,  as  they  evi- 
dently represent  a  species  of  this  genus  and  therefore  prove  the  existence 
of  the  QdamariecB  already  in  the  lower  Helderberg  Sandstone  or  upper 
Silurian.     These  specimens  were  found  by  Dr.  Bodminger  in  Michigan. 

8PHEN0PHYLLUM,  Br^. 

(SjJten,  wedge.) 

Plate  3.  /.  4-6/  plaU  7,  /.  6-11. 

Plants  herbaceous,  stems  articulate,  somewhat  inflated  at  the  articula- 
tions, pinnately,  bipinnately  divided ;  leaves  verticillate,  sessile,  in  whorls 
of  wedge-form  leaflets,  entire  at  the  lateral  borders,  round  or  truncate  at 
the  laciniate  dentate  or  lobate  upper  margin ;  medial  nerve  none ;  veins 
diverging  from  the  base,  straight,  dichotomous ;  fructifications  in  cylin- 
drical spikes  of  globular  sporanges  placed  in  the  axils  of  bracts  or  scales 
curved  upward  in  a  sharp  flexure  from  near  their  base  (f.  7). 

The  plants  of  this  genus,  like  those  of  AnnuUiria,  were  water  plants 
whose  upper  or  emerged  branches  were  spreading  upon  the  surface  of 
stagnant  water.  Some  species  have  the  leaflets  more  or  less  divided,  often 
more  expanded  on  the  upper  side  of  the  whorls,  according,  it  seems,  to 
their  growth  upon  the  surface  of  the  water. 
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8.  SoHLOTHEiMii,  Brgt. 
PlaU  7,  f.  6,  7,  7a, 

Verticils  of  five  to  nine  broadly  cuneate  leaflets,  rounded  and  crenulate 
at  the  upper  border ;  veins  free  at  the  base,  dichotomous,  distinct 

A  most  common  and  beautiful  species,  easily  known  by  the  rounded  up- 
per borders  of  the  leaves.  It  ranges  through  the  whole  thickness  of  the 
coal  measures  from  the  conglomerate  upward. 

S.  EMABOiNATUM,  Brgt, 

Differs  from  the  preceding  by  the  leaflets  truncate,  not  rounded,  ob- 
tusely dentate  at  the  top,  in  verticils  of  six  to  nine;  the  veins  are  less  nil- 
merous.     Found  especially  in  the  upper  coal  measures,  but  not  common. 

8.  LONGIFOLIUM,  Chmu 
PlaU  7,  f.  10, 11. 

Stems  robust;  leaflets  large,  one  and  one-half  to  three  cm.  long  or  more, 
either  bifid  at  the  apex  with  lobes  merely  crenate  or  deeply  dentate  or 
split  in  long  acuminate  divisions  (f.  11) ;  veinlets  numerous,  not  confluent 
at  base ;  verticils  of  six  to  nine  leaflets.  A  very  fine  species  apparently 
rare.  I  have  seen  specimens  from  the  low  coal  of  Clinton,  Mo.,  and  from 
the  Pittsburg  coal,  an  upper  vein. 

8.   CORNUTUM,   Lesq. 

8tem  thick,  obscurely  striate;  branches  nearly  at  right  angles;  verti- 
cils of  six  leaflets,  connate  to  above  the  base,  broadly  cuneiform,  divided 
from  the  middle  into  seven  to  nine  linear  obtuse  nearly  equal  lobes ;  veins 
distinct,  flat,  four  to  five  at  the^  base  of  each  leaflet,  forking  once  only, 
each  division  ascending  to  the  top  of  one  of  the  lobes.  A  very  remark- 
able species,  the  leaflets  being  divided  like  the  fingers  of  a  hand.  Found 
only  as  yet  at  Colchester,  111. 

8.  FiLicuLME,  Lesq, 
Plate  7,  /.  8. 

Branches  slender,  very  long,  filiform ;  verticils  of  six  narrow  leaflets,  the 
lateral  twice  as  long  as  the  two  inferior  ones,  all  narrowly  cuneiform,  trun- 
cate and  dentate  at  the  upper  borders ;  primary  nerves  two  to  three,  distinct 
at  base,  forking  twice.  Not  uncommon,  and  found  in  the  whole  extent  of 
the  coal  measures,  even  at  the  base  of  the  Permian  of  Virginia. 

On  account  of  the  difference  in  the  length  of  the  leaflet,  a  difierence 
which  may  be  caused  by  habitat  in  the  water  or  uopn  its  surface,  this  form 
has  been  considered  as  a  variety  of  the  following  species.  It  is,  however, 
found  locally  always  with  the  same  characters. 
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S.  OBLONoiFOLiuM,  Qerm. 
riale  7,  /.  9. 

Leaves  obovate-oblong,  bifid  to  the  middle,  one  to  three  acutely  den- 
tate, hi  verticils  of  six.      A  rare  species,  found  only  at  Cannelton. 

It  is  well  to  observe  that  the  species  of  this  genus  are  all  subject  to 
great  variety  by  the  size  and  subdivisions  of  the  top  of  the  leaflets.  That 
is  shown  by  the  multiple  synonymy  of  the  species  published  by  European 
authors. 

S.  PRiMiEVUM,  Lefq, 

Plate  3,  /.  4-6. 

The  species  is  made  from  specimens  too  fragmentary  to  afford  a  satis- 
factory specific  diagnosis.  It  is,  however,  evident  that  the  fragments 
represent,  either  by  stems  or  by  separate  leaflets,  a  species  of  this  genus 
very  closely  allied  to  S,  Schlotheimii — All  these  fragments  have  been 
found  in  the  Cincinnati  group  of  the  Hudson  River  epoch,  lower  Silurian. 

MACROSTACHYA,  Sehimper, 
Plate  5,  /.  7. 

Plants  arborescent,  articulate ;  articulations  close,  smooth  or  the  inter- 
nodes  thinly  striate ;  outer  surface  distinctly  striate  or  plano^ostate,  with 
very  narrow  furrows  alternating  at  the  articulations;  leaves  appressed, 
linear,  carinate  and  simply  nerved  in  the  middle,  acuminate  and  finally 
truncate;  leaf-acars  marked  upon  the  articulations  by  transversely  oval 
rings;  scars  of  branches  verticillate,  large,  round,  umbonate  with  a  stig- 
marioid  central  mammilla;  spikes  very  large,  cylindrical;  bracts  lanceo- 
late, costate  in  the  middle,  imbricate,  scarcely  longer  than  the  internodes. 

The  above  definition  is  taken  from  Schimper^s  "Vegetable  Paleontology," 
for  I  know,  of  the  plants  of  this  genus,  only  fragments  of  stems  like  the 
one  figured  and  the  large  spikes  which  I  have  figured  (pi.  4,  f.  7 
and  8),  and  which  the  author  refers  to  Macrodachya,  Some  of  them 
are  very  large,  oblong,  larger  in  the  middle,  narrowed  upward  or  down- 
ward or  cylindrical  and  sometimes  curved,  varying  in  length  from  four 
to  eighteen  cm.  and  from  one  to  four  cm.  in  diameter.  Sometimes  their 
base  is  marked  upon  the  shale  by  circular  impressions  nearly  as  large  as 
the  broad  scars  at  the  base  of  pi.  5,  f.  7,  but  often  also  they  are  narrowed 
into  a  pedicel,  as  in  pi.  4,  f.  7,  and  therefore  do  not  seem  to  have  any 
reference  to  the  large  sterna,  being  apparently  attached  to  small  branches 
like  the  spikes  of  Catamites;  hence  the  relations  of  these  peculiar  or- 
gans is  still  uncertain.  The  large  spikes,  though  not  very  common,  are 
found  in  the  whole  thickness  of  the  coal  measures.  The  stems  are  per 
contra  very  rare.  The  two  fragments  which  1  have  seen  come  from  the 
coal  of  Cannelton,  where  the  large  spikes  are  abundant  enough. 
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SECOND  CLAJSS. 

FILICACE^,  (Ferns.) 

Everybody  knows  the  ferns.  They  grow  everywhere,  in  every  kind  of 
climate,  in  the  cold  regions  of  the  North,  where  they  are  rare,  becom- 
ing more  and  more  abundantly  distributed  toward  the  equatorial  countries, 
especially  in  the  islands,  wherever  atmospheric  humidity  predominates. 

The  Ferns  belong  to  the  Acrogcns,  plants  with  a  distinct  axis,  gradually 
unfolding  from  the  apex  only,  composed  of  woody  fibers  and  vessels. 
They  have  that  in  common  with  the  EquisetacecBf  but  they  differ  from  them 
by  the  apical  uncinate  development  of  their  stems  and  branches  and  by 
their  leaves,  flat  and  thin  laminae,  either  entire  or  divided  in  multiple 
sections,  according  to  the  characters  of  their  nervation. 

Fossil  remains  of  this  class  of  plants  have  been  found  in  the  lower  Si- 
lurian of  France,  in  a  specimen  representing  a  branch  with  leaves  of  large 
size,  already  denoting  an  advanced  stage  of  development.  This  frag- 
ment discovered  at  the  base  of  the  middle  Silurian,  near  Angers,  and 
described  by  Saporta  as  Eopteris  Morieii^  is  figured  (pi.  3,  f.  9).  No 
remains  of  ferns  have  been  found  as  yet  in  this  country  lower  than  the 
Devonian.  But  in  this  formation,  the  ferns  are  already  so  numerous  and 
represented  by  species  of  so  large  development,  that  their  first  appearance 
or  their  origin  on  the  North  American  continent  may  be  rationally  sup- 
posed to  be  much  older,  at  least  as  old  as  it  is  in  France  or  in  the  upper 
part  of  the  lower  Silurian. 

Ferns  ghow  the  greatest  degree  of  predominance  in  the  carboniferous  age, 
where  the  number  of  their  species,  extremely  diversified,  is  considerably 
larger,  at  least  locally  compared,  than  it  has  been  at  the  preceding  geolog- 
ical periods  and  even  than  it  is  at  the  present  time ;  for  the  number  of  species 
already  described  from  the  carboniferous  is  nearly  one  thousand.  At  the 
present  epoch  more  than  three  thousand  species  of  ferns  are  known.  But 
we  must  consider  that  the  coal  flora,  though  widely  distributed,  was  gov- 
erned by  permaaeut  and  uniform  atmospheric  and  geological  circumstances, 
while  now  the  ferns  are  distributed  over  all  the  part  of  the  world  inhabited 
by  man,  and  therefore,  their  life  is  modified  by  the  greatest  differences  in  the 
tenipemture  and  habitat,  according  to  the  localities  where  they  are  found. 
Taking  for  comparison  some  countries  where  the  circumstances  of  climate 
are  not  much  varied,  the  superiority  of  the  vegetation  of  the  ferns  at  the 
coal  epoch  appears  very  great  in  favor  of  the  carboniferous.  For  example, 
the  Philipine  Islands  have  only  three  hundred  species  of  ferns;  Java  and 
Southeastern  Africa,  four  hundred ;  the  islands  of  the  Gulf  and  the  east- 
em  intertropical  shores  of  America,  six  to  seven  hundred. 

Atmospheric  moisture  and  a  high  uniform  degree  of  temperature  essen- 
tially favor  the  vegetation  of  the  ferns.  These  elements  were,  it  seems,  at 
the  highest  degree  during  the  Carboniferous  period,  hence  the  luxuriance 
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of  the  vegetation  of  feme  which  at  that  epoch,  covering  all  the  low  grounds, 
either  as  thick  bushy  species  of  the  undergrowth,  or  as  trees,  have  con- 
tributed by  their  remains  at  least  one-half  of  the  materials  which  com- 
pose the  coal.  The  fern-trees  now  inhabit  intertropical  regions,  especially 
the  islands  of  the  Pacific  Ocean,  or  the  slopes  of  high  mountains  near  the 
equator.  There,  in  foggy  regions,  they  sometimes  reach  an  altitude  of 
one  hundred  feet.  Their  shape  is  most  graceful  (pi.  8,  f.  I ) ;  their  trunks, 
simple  or  without  branches  and  cylindrical,  are  generally  covered  by  the 
scars  of  the  base  of  decayed  leaves  (f.  5,  6,  7),  very  varied  in  forms,  and 
their  fronds  (whole  leaves)  are  cut  into  multiple,  always  graceful,  subdi- 
visions. At  the  present  time  the  trunks  of  tree-ferns  rarely  measure 
thirty  cm.  in  diameter ;  in  the  coal  measures  silicified  trunks  of  ferns  are 
found  twice  as  large. 

The  bushy  ferns  of  the  coal  were  also  generally  of  very  large  size. 
Though  most  of  them  are  known  only  by  small  fragments  of  stems  and 
leaves,  parts  of  fronds  are  seen  on  the  roof-shale  of  the  coal  beds,  meas- 
uring three  or  four  meters  in  length  and  proportionately  large,  with  flat- 
tened stalks  fifteen  to  twenty  cm.  broad. 

The  ferns  are  perennial,  herbaceous,  climbing  or  arborescent  plants. 
Their  branches  and  branchlets  are,  before  expansion,  convolute  in  spiral, 
like  a  watch  spring  (circinate  vernation),  and  gradually  unfold  in  their 
march  of  development.  The  stems  grow  up  from  inflated  or  more  or  less 
elongated  creeping  organs,  rhizomas  (root-stalks).  The  rhizomas  are 
generally,  for  the  bushy  herbaceous  ferns  at  least,  of  soft  cellular  tissue, 
and  therefore  easily  decomposed  and  destroyed  by  maceration.  Their 
remains  are  very  rarely  found  preserved  in  the  coal  measures. 

The  fronds,  that  is  leaves  of  ferfas  including  the  stalks,  are  simple, 
without  division  of  the  axis  (petiole  or  rachis),  or  more  generally  branch- 
ing; the  branches  (pinnso)  are  primary  when  attached  to  the  main  axis 
(rachis),  secondary  as  divisions  of  primary  pinnse,  tertiary,  quaternary, 
and  so  on  for  the  subdivisions.  ♦ 

The  branches  of  the  fronds  are  either  pinnate  by  opposite  or  alternate 
branches  on  both  sides  of  the  rachis,  or  dichotomous  by  the  forking  of 
the  stems  and  branches  as  seen  pi.  8,  f.  2.  Very  often  the  primary  and 
secondary  divisions  are  dichotomous  while  the  branches  are  pinnate. 

As  it  is  very  rare  to  find  fronds  of  ferns  preserved  entire  in  a  fossil 
state,  and  as  the  paleontologist  has  generally  mere  fragments  for  its 
description,  the  preserved  part  of  a  fern  b  often  described  as  leaf  or 
pinna  and  the  divisions  accordingly  as  primary,  secondary  pinnse,  etc. 
The  foliate  divisions  are  pinnules  or  leaflets,  which  are  entire  or  lobed, 
or  cut  in  various  forms  and  described  with  the  same  terms  as  for  the 
dicotyledonous  plants. 

The  more  important  characters  to  be  considered  in  the  determination 
of  the  ferns  are  their  nerves  or  veins,  and  the   fructifications.      The 
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fruiting  organs,  being  generally  absent  or  destroyed  by  maceration,  the 
nervation  has  therefore  to  be  studied  with  the  greatest  care.  The  first 
nerve  traversing  the  pinnules,  sometimes  lengthwise,  is  simple  and  then  it  is 
generally  strong,  often  looking  like  a  division  of  the  rachis.  It  is  more 
essentially  divided  and  subdiviaed  in  the  same  way  as  are  the  fronds,  in 
primary,  secondary,  tertiary  nerves  or  veins,  the  ultimate  divisions  reach- 
ing the  borders  of  the  leaflets,  being  the  nervules  or  veinlets;  the  veins 
are  then  pinnate,  bipinnate,  etc.  *  Often,  also,  no  medial  nerve  being 
formed,  the  veins  may  be  all  of  about  equal  thickness,  either  parallel  at 
base  along  the  rachis,  pi.  11,  f.  1,  2,  or  diverging  fen-like  from  the  base 
or  from  a  point  of  the  leaflets  (pi.  10,  f  1,  2,  6),  and  filling  them, 
either  straight  or  curving  back,  alternately  forking  in  ascending.  This 
kind  of  venation  is  flabellate  and  dichotomous. 

Sometimes  the  veins  in  passing  up  towards  the  borders  from  their  base 
are  curved  in  numerous  flexures,  which  become  joined  in  the  middle,  as 
in  pi.  11,  f  3-4,  forming  a  reticulate  nervation. 

The  fruitifications  (fruit  dots)  of  ferns  are  generally  placed  upon  the 
lower  surfece  of  the  leaflets  in  small  receptacles  supporting  or  containing 
the  capsules  (sporanges)  which  bear  the  sori  (glomerules  of  seeds).  Not 
only,  as  said  above,  the  fruitifications  of  the  ferns  of  the  ami  measures  are 
rarely  found,  but  when  present,  the  sporanges  are  generally  obscure  and 
the  disposition  of  the  sort  is  rarely  distinct  enough  to  allow  the  determina- 
tion of  their  characters.  Hence  it  has  not  been  possible  to  fix,  as  is 
done  for  the  living  ferns,  a  classification  based  upon  fructifications.  It  is 
therefore  upon  the  characters  which  may  be  clearly  seen,  those  taken 
from  the  arrangement  and  ramification  of  fronds  or  leaves,  the  forms 
and  subdivisions  of  the  pinnules  and  especially  the  nervation,  that  the 
distribution  of  the  ferns  in  groups,  genera  and  species  has  l)een  estab- 
lished. 

Brongniart's  Classification,  which  is  still  generally  followed,  is  based 
upon  these  different  characters.  It  is^abridged  by  Schimper  in  his 
^^ Pdeontdofjie  Vegdale**,  as  follows: 

1.  Frond  simple  or  with  compound  pinnules,  free  or  adhering,  with- 
out medial  nerve  or  with  a  mere  baisilar  nerve  vanishing  upward ;  veins 
dichotomous  or  flabellate  (  Neuropteridece  ) ,  pi.  10. 

2.  Frond  bi,  tri  or  many  times  pinnate,  with  pinnae  or  pinnules  nar- 
rowed to  the  base,  flabelliform,  entire  or  scarcely  lobed ;  veins  diverging 
from  the  base  without  a  distinct  inidrib.     {Adiantidr/jp,)     PI.  9,  f.  3,  4. 

3.  Fronds  divided  as  in  the  last  group,  diversely  lobed  ;  veins  pinnate 
or  bipinnate  from  the  base.     (^Sphefwpteridem.)     PI.  15. 

4.  Fronds  simple,  pinnate,  bipinnate  or  tripinuute,  with  pinnules 
generally  adhering  by  their  base  to  the  rachis,  often  confluent  by  the 
borders,  forming  m)re  or  less  deep  lobes,  entire  or  serrulate,  not  lobed, 
secondary  veins  pinnate  or  dichotomous.     (Peoopteridea\)     PI.  14. 
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A  number  of  other  classifications,  among  them  that  of  a  Ettingshausen, 
have  been  more  recently  proposed,  but  they  are  more  complex  and  can 
not  be  well  understood  without  a  long  series  of  figures.  I  have,  there- 
fore, followed  here  that  of  Brongniart,  merely  changing  the  order  of  the 
groups  in  accordance  with  the  relation  of  the  plants  to  be  described. 


1.    NEUROPTERIDE^. 

{NeuTcn,  nerve;  pteron,  wing.) 

This  order  of  fossil  ferns  contains  the  genera  Neuropteris,  Ledeya^  Dusty- 
cpteris  and  Odantoptem^  which  constitute  a  distinctly  characterized  and 
most  interesting  group  of  ferns,  all  bushy,  generally  of  large  size,  with 
long  dichotomous  pinme  and  pinnules  of  beautiful  forms.  These  ferns 
have  no  analogy  to  any  species  living  at  the  present  time.  They  appear 
already  in  the  Silurian,  as  far  at  least  as  can  be  seen  by  the  form  of  the 
leaflets  and  the  nervation  of  Eopteris  Morieri,  Sap.,  mentioned  above  as 
the  oldest  known  species  of  fern.  In  the  Devonian,  they  are  represented 
by  fragments  of  pinnss  bearing  large  nearly  round  or  cuneiform  leaflets ; 
in  the  sulH»rboniferous  they  are  already  found  in  a  large  number  of  spe- 
cies, but  still  more  abundantly  in  the  middle  ooal  measures,  preserving 
always  the  same  typical  characters,  up  to  the  Lower  Permian,  where 
they  disappear  entirely. 


NEUR0PTERI8,  BrgL 

(Nettron^  a  nerve.) 

Fronds  dichotomous  in  the  lower  part,  tripinnate  in  the  upper,  pinnules 
varying  from  round  to  ovate,  obtuse  or  rarely  acuminate,  mostly  entire, 
round,  cordate  or  auricled  at  the  base,  attached  to  the  rachis  by  the  mid- 
dle, sessile,  rarely  short  pedicellate ;  veins  either  coming  out  all  from 
the  base  of  the  pinnules  (pi.  10,  f.  2,  6,  7),  or  from  a  medial  nerve  (coda), 
(pi.  10,  f.  3,  5),  diverging  fan-like,  arched  backward  in  passing  toward 
the  borders,  many  times  dichotomous,  the  costa  generally  dissolved  at  or 
below  the  middle. 

Two  genera  of  Brongniart,  Cydopteris  (kudos,  circle)  and  Nephropterisy 
are  now  forcibly  united  to  this  one.  To  Cydopteris,  were  referred  round, 
separate  leaflets,  like  pi.  10,  f.  7,  which  were  supposed  to  belong  to  pecu- 
liar species,  but  which  are  now  known  to  be  merely  lower  leaflets  attached 
to  large  stems,  mostly  in  the  forks  or  the  base  of  pinnsB  of  NeurapUrU. 
The  lower  leaflet  (pi.  10,  f.  4)  shows  already  a  deviation  of  the  common 
form,  which  is  still  more  marked  in  f.  7  of  the  same  plate.  To  the  genus 
NephropierU  were  referred  separate  oval  or  ovate  leaflets,  with  all  the  veins 
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diverging  from  the  base,  as  in  pi.  10,  f.  1,  where  the  small  basilar  leaflets 
have  this  character,  and  therefore  should  be  placed  in  the  genus  Nephrop- 
teris,  while  the  large  leaflets  of  the  same  species,  as  seen  in  the  figure, 
have  a  distinct  medial  nerve  from  which  the  vehis  are  derived.  Until 
recently  these  small  leaflets  have  bsen  found  always  separated,  and  their 
true  characters  in  the  composition  of  the  pinnae  had  not  been  recognized. 

The  fruitification  of  NeuroptenSf  and  indeed  that  of  all  the  Neuropteridece, 
is  not  positively  known.  Small  oval  tubercles  are  sometimes  seen  in  the 
forks  of  the  veins  near  their  base,  on  the  surface  of  some  species  of  Neu- 
ropteriSf  but  they  are  much  like  those  small  parasitic  excrescences  {fungi)  y 
seen  upon  the  leaves  of  ferns  and  other  living  plants.  What  seems  to 
confirm  the  opinion  that  those  small  tubercles  represent  the  fruitifications 
of  Neuropteris  is  the  discovery  in  France  of  true  sporanges  having  alwut 
the  same  forms  as  those  of  Neuropteris  and  attached  upon  the  point  of  the 
veins  at  the  borders  of  the  leaflets  of  Odontopteris,  I  have  already  figured 
this  kind  of  organism  upon  leaflets  of  Neuropteris  giJbbom  in  the  first  Geo- 
logical Report  of  Pennsylvania,  1858,  (pi.  5,  f.  3). 

The  more  common  and  more  remarkable  species  of  Neuropteris  are 
those  with  trifoliate  leaves,  one  of  the  leaflets  being  very  large,  ovate, 
obtuse,  terminal,  the  other  two  small,  round  or  oval,  basilar.  Of  these 
are  N,  hirsuUiy  N,  decipiens,  N.  cordata  and  N,  ajigusttfdia,  (the  last  pi.  10, 
f.  1),  all  very  similar  in  all  their  characters,  differing  merely  by  the  sur- 
face smooth  or  covered  with  hairs,  the  veins  more  or  less  closey  the  size  of 
the  leaflets,  which  in  K  deeipiens  attain  a  length  of  twelve  to  fifteen  cm. 
long  and  four  to  six  broad.  Though  the  nervation  appears  exactly  the 
same  in  these  species,  the  difference  in  the  closeness  of  the  veins  is  readily 
seen  in  counting  their  number  as  marked  on  one  cm.  of  space  at  the 
borders  of  the  leaves.  Then  those  of  AT.  fimbriata  (pi.  10,  f.  2)  with  leaf- 
lets variable  in  size,  sometimes  as  small  as  f.  4  and  oval,  sometimes  twice 
as  large  as  in  f.  2  and  round,  always  beautifully  and  distinctly  fringed  on 
the  borders.  N,  Elrodi  (pi.  10,  f.  3)  represents  a  species  not  rare  in  the 
sub -carboniferous  sandstone  or  on  the  shale  of  the  whetstone  beds  of  Indi- 
ana, where  it  was  found  by  Dr.  El  rod.  It  is  represented  in  the  coal 
fields  of  Alabama,  also,  witli  N.  Smithiij  which  has  the  same  kind  of  nerva- 
tion, but  the  leaflets  broadly  oval  or  nearly  round.  One  of  the  most  com- 
mon species  and  the  more  widely  distributed,  found  as  it  is  from  the  sub- 
conglomerate  measures  to  the  Permian,  is  N.  Losdiii  (pi.  10,  f.  4).  I  have 
represented  only  an  ultimate  pinna,  the  primary  pinnae  being  very  large, 
alternately  and  pinnately  branching  and  the  leaflets  generally  of  the  same 
size  as  figured ;  the  lower  pinnules  become  round  or  cyclopterids  towards 
the  base  of  the  fronds;  f.  7  is  one  of  these.  It  has  been  described  as 
Cydopterii  degam^  before  its  relation  to  Neuropteris  i.oschii  was  recognized. 
F.  5  and  6  are  two  leaflets  of  a  peculiar  form,  N,  caUom,  which  shows  the 
great  diversity  of  the  pinnules  of  the  same  species ;  the  leaflets  (f  5)  are 
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:attached  piDnately  like  those  of  f.  4,  while  those  like  f.  6  are  basilar. 
Their  identity  is  perfectly  ascertained  by  the  characters  of  the  nervation. 
TThis  shows  how  difficult  it  is  sometimes  to  specify  fragments  of  ferns,  and 
how  many  species  could  be  made  from  a  single  plant,  if  one  would  con- 
aider  only  as  characters  the  peculiar  forms  of  the  leaflets.  The  number 
of  American  species  of  Neuiropteris  described  until  now  amounts  to  more 
ihan  forty. 

ODONTOPTERIS,  Brgt. 

Plate  11,  /.  I,  2. 
(OdottSt  a  tooth.) 

Fronds  large,  bipinnate ;  pinnse  opposite  or  subalternate ;  pinnules  of 
various  forms,  generally  oblong-obtuse,  joined  to  the  rachis  by  their  whole 
base  (not  by  the  middle  only),  sometimes  decurrent,  either  disjointed  and 
:8eparated  to  the  base,  or  connate  to  the  middle,  becoming  confluent  to- 
ward the  top  of  the  pinnse  and  gradually  eflaced  in  passing  to  a  term- 
inal leaflet;  lower  pinnules  sometimes  attached  to  the  main  rachis  and 
-difibrm;  veins  derived  from  the  rachis,  more  rarely  from  a  midrib,  thb, 
«dichotomous,  diverging  straight  or  in  slight  curves  in  passing  out  to  the 
borders. 

This  genus  is  so  intimately  allied  to  Neuropteris  that  some  of  its  species, 
like  Odontopteris  Alpina,  0.  Wortheniif  are  indiflerently  ascribed  to  one  or 
the  other  of  the  two  genera. 

The  species  of  Odontopteris  were  bushy  ferns  with  immense  fronds. 
Some  have  been  seen  five  to  six  meters  long  with  petioles  more  than  thirty 
•cm.  broad.  Their  distribution  in  the  geological  measures  is  about  the 
«ame  as  that  of  the  species  of  Neuropteris.  No  species,  however,  are 
known  in  America  from  the  Devonian ;  they  appear  somewhat  later,  that 
is,  at  the  base  of  the  millstone  grit,  being  more  predominant  in  the  first 
<x)al  above  these  measures,  at  Mazon  Creek,  etc.,  where  the  largest  num- 
ber of  species  have  been  observed.  Some  of  peculiar  types  are  found  in 
the  upper  coal  beds  of  Pittsburg,  and  above  it  in  the  permo-carboniferous 
measures.  In  Europe  many  species  have  been  described  from  the  Per- 
mian. 

The  more  notable  species  are: 

Odontopteris  alpina,  Gein. 

Fronds  dichotomous  or  irregular  in  their  divisions,  pinnules,  either 
large,  obtuse,  attached  to  the  rachis  by  the  middle  of  their  base,  like  the 
leaflets  of  Neuropteris,  or  smaller,  half  round,  attached  by  their  whole  en- 
larged base,  and  therefore  with  the  true  characters  of  the  genus.  The 
-veins  are  rarely  straight,  but  gene^y  curved  back  as  in  Neuropteris. 
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O.   CORNUTA,  Lesq. 

Known  merely  by  a  few  leaflets  lanceolate  in  outline,  entire  towards- 
the  base,  divided  from  the  middle  upward  in  linear  lanceolate  acuminate^ 
lobes  irregularly  placed,  the  terminal  one  being  generally  longer,  linear- 
lanceolate. 

O.    HETEROPHYLLA,    Lesq. 

Has  some  likeness  to  the  preceding  by  the  great  variety  of  forms  and 
sizes  of  the  pinnules  or  of  the  lobes,  which  are  short,  half  round,  reni- 
form,  or  long,  linear  lanceolate. 

O.   8UBCUNEATA,  Bunb, 

Pinnse  linear,  with  distant  oblique  ovate  or  cuneate  pinnules,  obtusely^ 
acuminate  or  obtuse,  auricled  at  base,  enlarging  or  decurring  to  a  broad 
point  of  attachment.  A  new  species,  Caffinis^  (pi.  11,  f.  1)  closely  allied 
to  this,  has  the  leaflets  oblong,  very  obtuse,  attached  by  the  whole  de- 
curring base,  which  is  never  auricled. 

O.  SCHLOTHEIMU,  Brgt, 

PLU.f.  2. 

Fronds  bipinnate,  with  primary  divisions  oblong-lanceolate,  enlarged 
in  the  middle,  the  secondary  pinnse  at  right  angles  or  somewhat  oblique,, 
piunately  divided  in  oval  obtuse  pinnules,  the  lower  nearly  free,  tho- 
others  generally  smaller,  more  and  more  confluent  toward  the  apex 
where  they  pass  into  small  deltoid  or  lanceolate  obtuse  terminal  pinnules ; 
veins  paraUel  from  the  base,  distinct  and  distant,  forked  above  the- 
middle. 

Of  the  eighteen  species  described  in  this  genus  from  the  United  States 
coal  measures,  four  only  are  European. 

LESLEYA,  Lai^. 

Pinna  or  leaf  simple,  very  entire  or  deeply  lacerate  on  the  borders,, 
broadly  lanceolate,  gradually  narrowing  towards  the  base,  obtuse,, 
traversed  by  a  thick  costa  effaced  under  the  apex,  veins  oblique,  curved^ 
equal,  repeatedly  dichotomous. 

This  genus  is  known  by  one  species  only,  L.  grandis^  represented  by- 
some  beautiful  leaves  or  simple  pinnse  found  imder  the  Chester  limestone^ 
of  Illinois,  by  Prof.  A.  H.  Worthen.  It  is  intermediate  for  its  charao* 
ters  between  Neuropteris  and  OUmopteris  of  Brongniart,  this  last  genus  con- 
taining only  Jurassic  species  and  distinct  by  the  veins  reticulate  at  base^ 
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nearly  ad  in  Dictyopteris,      The  leaves  of  Lesleya,  one  of  which  is  pre- 
.flerved  entire,  are  twenty-two  cm.  long,  eight  cm.  broad  in  the  middle. 

DICTYOPTERIS,  Qutb, 

PiaU  11,  f.  3,  4. 

Fronds  bipinnate,  pinnules  cordate,  truncate  or  rounded  at  base,  sessile 
by  the  middle  or  short  pedicellate,  oblong,  obtuse  or  lanceolate,  entire; 
veins  flexuous,  connected  by  flexures  or  intersections,  forming  a  more  or 
less  distinct  and  close  reticulation  of  polygonal  meshes. 

Though  the  genus  is  widely  distributed  from  the  sub-carboniferous  to 
the  upper  coal  strata,  its  species  are  few  and  generally  found  in  small 
fragments.  Two  of  them,  which  have  been  described  from  American  spe- 
-cimens,  are  proper  to  this  continent:  Dictyopteris  rvheUay  pi.  11,  f.  4,  with* 
4i  bi  or  tripinnate  frond  and  leaflets  either  smaller  oblong  obtuse  or  broad- 
ly lanceolate,  or  larger  nearly  round  (cyclopterid)  cordate  auriculate  at 
base  narrowed  to  an  obtuse  apex  all  entire:  D.  oUiqua^  pi.  11,  f.  3, 
whose  leaflets,  at  right  angles  to  the  rachis  and  very  close,  are  all  of  the 
:8ame  size  and  form,  oblong,  somewhat  narrowed  to  an  obtuse  apex  and 
fidcate  or  slightly  curved  inward,  the  meshes  of  the  areolation  being 
•close  and  round  polygonal. 


GENERA  OF  INDEFINITE  RELATION. 

In  **  United  States  Coal  Flora**  the  following  genera  have  been  consid- 
•ered  separately  as  being  without  distinct  relation  to  any  of  the  groups  es- 
tablished by  the  authors :  MegaloptenSy  D&ws;  TcenioptenSf  Brgt.;  Neriop- 
deris,  Newby.;  (hihogoniopteris,  Andrews;  ProtMechnvm  and  Idhphyllum, 
Xiesq.  Of  these,  the  two  first  only  have  been  described  from  good  speci- 
mens with  reliable  characters. 

MEGALOPTERIS,  Daw9, 

{MegoBf  grand.) 
PlaU  9,  /.  2. 

Fronds  very  large,  simply  pinnate ;  pinnjB  or  leaflets  oblique,  lanceo- 
late, entire,  decurring  by  the  prolonged  lower  side  upon  the  main  rachis 
which  is  thus  alate,  the  prolonged  part  of  the  pinnules  joining  at  base  the 
upper  basilar  border  of  the  ones  underneath ;  medial  nerve  thick ;  veins 
4^1  emerging  from  the  thick  rachis,  obliquely  divergmg  toward  the  bor- 
<ders,  dichotomous  and  curved  upward  in  reaching  them. 

The  name  of  this  genus  implies  for  the  fronds  of  its  species  a  very  large 
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size.  Indeed  some  fragments  of  leaves  have  been  found  measuring  eleveir 
and  one-half  cm.  in  width,  indicating  a  length  of  sixty  cm.  Eleven  spe-^ 
ciesof  Megalopteris  have  been  described.  But  as  the  nervation  is  scarcely 
different  in  any  of  them,  and  the  form  of  the  leaflets  is  much  the  same^ 
this  number  will  probably  be  reduced  when  gfK)d  sj)ecimens  have  been 
obtained.     All  the  species  are  sub-carboniferous  or  upper  devonian. 


TiENIOPTERIS,  Brgt. 

Plate  11,  /.  5. 

(^TcBiiiony  ribbon  or  band.) 

Fronds  or  pinnae  eimple,  large,  linear;  medial  nerve  or  rachis  broad,, 
canaliculate ;  veins  at  right  angles  to  the  costa,  either  simple  or  forking^ 
a  little  above  the  base,  very  thin  and  close. 

The  species  of  this  genus  are  considered  as  Permian  or  Permo-Carbon- 
iferous  by  the  European  authors.  T,  Smiihii,  Lesq.,  figured  as  above^^ 
has  been  obtained  in  the  sub-conglomerate  coal  measures  of  Alabama. 

Of  the  other  genera,  Neriopteris  and  Orthogoniopteris  are  more  or  less- 
uncertainly  defined,  as  they  have  been  established  each  for  a  simple  spe- 
cies and  from  fragmentary  specimens.  Danceiles,  a  genus  of  Gceppert^ 
has  its  essential  characters  taken  from  the  position  and  the  form  of  tbe^ 
sporanges.  The  two  species  which  I  have  referred  to  it  have  the  nerva- 
tion of  Alethopteris,  and  should  perhaps  be  placed  in  this  genus.  The  last^ 
IdiophyUum^  is  established  for  a  very  peculiar,  nearly  round  coriaceous  leaf^ 
with  a  thick  medial  nerve,  gradually  effaced  upward,  thick  lateral  veins^ 
sub-opposite,  oblique  and  curving  in  passing  toward  the  borders,  crossed 
nearly  at  right  angles  by  continuous  equidistant  venules,  which  appear  as 
folded  up  in  contrary  directions,  forming  by  inter-sections  regular  quad- 
rate meshes.  The  characters  of  this  leaf,  figured  in  **  United  States 
coal  flora**  (pi.  23,  f.  11),  totally  at  variance  with  those  of  any  species  of 
ferns  of  the  carboniferous,  are  somewhat  like  those  of  a  dicotyledonous^ 
leaf;  the  nervation,  however,  recalls  the  type  of  some  Jurassic  S])ecies 
of  ferns.  This  leaf  has  l)een  found  in  the  concretions  of  Mazou  Creek. 
A  few  species  of  this  genus  have  been  lately  described  by  Prof.  Schenk^ 
from  the  Carboniferous  of  China ;  none  as  yet  from  that  of  Europe. 

PSEUDO-PECOPTERIDE^. 

To  this  group  pertain  the  genera  Lescuropteris,  Ccdlipterdiumy  Alethop^ 
iheris,  ProtoUedinum,  Pseudopecopteris,  Pteris  and  Oligocarpia.  The  three^ 
first  of  these  genera  are  intermediate  between  NeuropUru  and  PecopteriB^ 
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LESCUROPTERIS,  Sehp. 

PL  11  /  6. 

(Personal  name.) 

Fronds  large,  tripinnate;  rachis  broad,  foliate;  pinnse  close,  pinnatifid, 
oblique;  lobes  ovate,  obtuse  or  acute,  inclined  outside,  connate  to  the 
middle,  decurrent;  primary  nerves  thin,  dichotomous;  lower  pairs  of 
lateral  veins  emerging  from  the  rachis,  the  other  alternately  from  the 
midrib,  forking  twice,  the  upper  once  only. 

The  two  species  described,  L,  Moorii,  Lesq.,  and  L.  adiantUes,  Lesq., 
j[iL  11,  f.  6,  are  from  the  upper  coal  of  Pennsylvania. 

CALLIPTERIDIUM,  TTcws. 

Plate  12,  /.  1. 
(KaOm,  fine.) 

Fronds  large,  polypinnate;  pinnules  attached  to  the  rachis  by  the 
^hole  base,  often  decurrent,  the  lower  descending  to  the  main  rachis,  all 
<x>nnate  or  disjointed  at  base,  primary  nerves  distinct,  often  strong,  dis- 
solved below  the  apex ;  lateral  veins  oblique,  curved  backward  in  pass- 
ing to  the  borders,  dichotomous,  the  lower  generally  attached  to  the  main 
rachis. 

By  tlie  dichotomous  divisions  of  the  arched  veins,  this  genus  is  related 
to  NeuropterU;  by  the  mode  of  attachment  of  the  pinnules  and  by  their 
form  to  AUtJiopleris  or  even  to  Odontopteris,     Its  more  important  species 

C.  SulliVantii,  Ijesq. 

Plate  12,/.  1. 

Pinnse  long,  linear-lanceolate;  leaflets  large,  decurring,  Ungulate, 
Tounded  at  the  enlarged  apex,  narrowed,  connate  and  decurring  toward 
the  base;  oosta  very  thick,  flat;  veins  thin,  close,  dichotomous,  the  lateral 
nervation  being  that  of  Neiiropteris, 

This  beautiful  species  is  not  rare  in  the  coal  above  the  conglomerate, 
•especially  in  the  nodules  of  Mazon  Creek. 

CaUipteridium  Man^ddiy  Leeq,,  C,  neuropteroides,  Lesq,,  are  two 
tflpecies  of  the  same  type  and  closely  allied  to  the  preceding,  while  C 
Owenii,  C,  incBquale,  C.  Prardeei,  are  more  distinctly  related  to  Aleiliopteris. 
The  other  species,  C.  Aldridd,  C.  membranaceum  and  C.  Mamlhneum  are 
like  true  Alethopteria,  and  should  have  been  referred  to  this  genus  except 
for  the  curving  back  of  the  veins.  C.  rugomm,  Le8<].,  pi.  13,  f.  1,  is 
jnore  distinctly  related  to  Paeudopecapteris, 
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The  distribution  of  the  genus  appears  limited  to  the  upper  strata  or 
the  sub-conglomerate  coal  measures,  and  to  the  lowest  of  the  middle^ 
especially. 

ALETHOPTERIS,  St. 

Plalen,f,± 

Fronds  polypinnate,  pinnules  coriaceous,  mostly  entire,  enlarged  at 
base,  connate  or  free,  with  borders  generally  reflexed;  medial  nerve 
thick,  immersed  into  the  epidermis,  marked  by  a  groove  on  the  upper 
face  of  the  leaflets,  prominent  on  the  lower;  lateral  veins  open,  often  at 
right  angles  to  the  rachis,  simple  or  forking  once,  continuous,  derived 
from  the  main  rachis  between  the  primary  nerves. 

The  separation  of  thb  genus  from  Pecopteris  is  not  marked  by  a  very^ 
definite  line.  The  only  characters  which  I  consider  as  distinctive  of  the- 
two  genera  are  the  presence  of  the  rachial  veins  in  Aldhopterisy  the 
larger  size  of  the  pinnules  and  the  direction  of  the  veins  more  at  right 
angles  from  the  medial  nerve.  The  fructifications  of  this  genus,  also^ 
appear  to  be  marginal,  the  sori  being  placed  under  the  reflexed  margin  as^ 
in  the  living  Pteris  or  Pelka^  while  those  of  Pecapteris  are  roimd,  separate 
and  generally  placed  in  two  rows  upon  the  lower  surface  of  the  pinnules. 

The  distribution  of  the  genus  is  the  same  as  that  of  OaUipterdiinn,  Most 
of  its  species  have  been  found  either  in  the  upper  part  of  the  sub-conglom- 
erate coal  strata  or  immediately  above  the  millstone  grit.  Of  the  eleven 
species  described  in  the  coal  flora  the  most  common  and  distinctly  charac- 
terized are: 

A.  Serlii,  Brgt, 

'  PtaU  12,  f,  2. 

Generally  found  in  large  pinna3  whose  pinnules  are  all  linear-lanceolate,, 
sub-obtuse,  like  those  of  the  upper  part  of  f.  2,  with  the  secondary  veins- 
at  right  angles,  very  close,  either  simple  or  forking  once  from  near  the 
middle. 

A.  LONonmcA,  Schloth, 

Much  like  the  last;  but  the  pinnules  are  generally  smaller,  disjointed  to- 
the  base  and  extremely  variable,  sometimes  broad  and  obtuse,  sometimes^ 
narrow  linear  and  acute ;  the  terminal  pinnules  are  long,  linear-lanceolate ; 
the  lateral  veins  also  nearly  at  right  angles,  are  more  distant,  simple  and 
more  rarely  forking  from  near  the  base. 

A.  AQUILINA,  ScJiloth. 

Resembles  the  preceding;  it  has  the  pinnules  shorter  and  comparatively^ 
broader,  the  veins  slightly  oblique,  forking  twice,  while  A.  avMgua,  Lesq.^ 
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tsmaller  in  all  ito  parts,  has  the  veins  mostly  obsolete,  covered  as  they  are 
by  a  thick  epidermis,  distant,  simple  or  forking  once.  The  medial  nerve 
as  comparatively  very  thick,  abruptly  dissolved  under  the  apex  of  the 
leaflets. 

PROTOBLECHNUM,  Lesq. 

Fronds  large,  simply  pinnate;  rachis  very  thick,  scaly  towards  the 
'base;  pinnse  long,  narrow,  linear-lanceolate,  acuminate,  entire,  enlarged 
rat  base  on  the  lower  side  into  a  decurring  auricle,  generally  free ;  medial 
nerve  strong,  reaching  the  apex ;  veins  at  a.  broad  angle  of  divergence, 
•curving  in  passing  to  the  borders,  forking  twice. 

The  only  species  P.  Haldem^  Andr.,  is  represented  by  two  opposite  ex- 
tremities of  a  frond  which  was  apparently  fifty  to  sixty  cm.  long.  The 
.^mple  pinnse  are  much  shorter  toward  the  base  of  the  frond,  only  two 
•cm.  long,  while  those  of  the  middle  are  six  to  seven  cm.  long;  the  rachis 
is  one  cm.  broad  at  base,  where  it  is  covered  with  a  thick  coating  of  long 
^scales;  the  nervation  is  oblique  and  arched,  nearly  as  in  species  of  GdHp- 
Aerdittm^  a  genus  from  which  it  differs  essentially  by  its  simply  pinnate 
frond.  The  specimens  were  found  in  the  Waverly  formation  of  Ohio  at 
the  base  of  the  lower  coal  measures. 


P8EUD0PE00PTERIS,  Lesq. 

(Pseudos,  false.) 
PlaU  J2,/.  3;  pL  13,/.  2. 

Primary  rachis  forking  ne^r  the  base  in  diverging  branches  of  equal 
•9ize  or  divaricate  and  dichotomous ;  branches  polypinnate ;  ultimate  di vi- 
-sions  sometimes  forked;  pinnules  connate  or  separated  to  the  base,  of  va- 
rious shape,  oblong,  obtuse  or  ovate,  lanceolate,  oblique,  or  at  right  angles, 
simple  or  diversely  lobate,  generally  decurring  to  the  rachis  and  border- 
ing it  by  a  narrow  wing;  lateral  veins  oblique,  generally  forking  once, 
the  lowest  pair  twice;  sometimes  dichotomous. 

This  genus  iiicludes  a  large  number  of  species  whose  essential  and  com- 
mon character  is  the  dichotomous  division  of  the  fronds,  especially  in  the 
lower  part  of  the  stems.  The  character  of  the  leaflets,  their  relative  po- 
%8ition,  their  shape  and  nervation  are  variable,  sometimes  like  those  of  Pe- 
^eopteris,  sometimes  also  like  those  of  Sphenopteris,  and  for  that  reason,  the 
plants  which  are  now  embodied  in  a  single  genus,  were  indifferently  re- 
ferred by  the  authors  either  to  Pecojdens  or  to  SphenopterU,  Though  dif- 
fering in  their  specific  characters,  they  all  have,  besides  the  dichotomous 
'division  of  the  stems,  a  peculiar  and  common  &cies,  the  leaflets  often 
l>eing  more  or  less  regularly  lobate  as  in  pi.  12,  f  3,  or  the  primary  nerves 
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by  decurring  to  the  rachis  and  joined  by  all  the  secondary  ones,  leaving  a 
distinct  smooth  border  along  the  base  of  the  pinnse,  as  in  pi.  13,  f.  2. 

The  fructifications  of  Psetidopecopteris  are  not  positively  known.  In  the 
first  section  of  the  genus  containing  species  whose  relation  is  marked  ta 
Pecopterk  by  the  form  of  the  leaflets  and  their  relative  position,  fruiting 
pinuje  of  one  species,  P.  Mazoniana,  have  been  observed  with  large  round 
sori,  placed  in  simple  rows  along  the  border  of  the  pinnules,  near  the 
end  of  the  upper  branches  of  the  veins  containing  three  to  four  oblong- 
sporangcs  placed  star-like  around  a  central  point,  therefore,  very  much 
like  the  fructifications  of  Pecopterisj  as  seen  (pi.  13,  f  3a  and  3b).  This 
first  section  should  then  seem  more  appropriately  placed  with  Pecopteris^ 
though  the  ramification  of  the  branches  is  evidently  dichotomous.  Bi^t 
fructifications  of  an  analogous  character  are  also  seen  in  Gfe«Wie/iia,  a  genus 
of  ferns  which,  still  represented  in  the  flora  of  this  epoch  by  a  number  of 
species,  was  already  present  in  the  Jurassic  flora  and  became  predominant 
in  that  of  the  Cretaceous.  Therefore  the  species  composing  the  first  sec- 
tion of  Pseiidjopecopteris  have  their  proper  place  in  this  new  genus  as  re- 
lated to  the  Gleicheniece,  From  recent  observations  made  in  Europe,  the 
fructifications  of  species  of  the  2d  section  are  analogous  to  those  or 
Dldciscniia, 

Of  the  three  species  composing  the  first  section,  P.  Mazoniana,  Lesq., 
is  the  more  remarkable.  Its  size,  is  larger  than  that  of  any  species  of 
PecopteriSy  the  primary  pinnas  are  pinnately  divided  in  the  lower  part  and 
forked  near  the  top;  the  pinnules  are  large,  oblong,  half  round  at  the 
apex ;  the  veins  are  pinnate  distinct  and  forking  once  in  the  middle  from 
a  thick  medial  nerve.  Fine  figures  are  given  of  this  species  in  the  U.  S» 
Coal  Flora,  pi.  32. 

The  distribution  of  the  twenty-five  species  whijh  compose  the  second 
section,  is  in  accordance  with  the  relation  of  their  characters.  Ten  species- 
are  sub-conglomerate,  one  of  them  found  even  at  the  base  of  the  carbon- 
iferous in  its  point  of  union  to  the  Devonian.  They  are  all  composed  of 
lobate,  or  more  generally  of  trilobate  leaflets,  like  P.  muricatay  Brgt. ,  pi. 
12,  f.  3,  a  species  most  common  in  the  Whetstone  beds  of  Indiana,  to^ 
which  P.  glatvdnlom,  Lesq.,  P.  Udifolia,  Brgt,  P.  aciiia^  Brgt.,  P.  «/;eci08a, 
Lesq.,  P.  virginicma,  Meek,  P.  triJoliaJUi,  Brgt.,  P.  pdj/pliyUa  and  P.  mac- 
Uentay  LI.  and  Hutt.,  are  closely  related.  Ten  species  of  the  same  sectioD 
'are  found  at  the  horizon  of  the  first  coal  above  the  Millstone  grit.  The 
more  remarkable  are  P.  Newberryii,  pi.  13,  f  1,  allied  to  P.  rwrvo^^  Brgt.^ 
P.  Plukeneti,  Brgt,  P.  dimorpha,  Lesq.,  P.  anceps^  Lesq. — P.  irregu- 
/arw,  St,  though  found  above  the  conglomerate  is  analagous  to  P.  irtfoli- 
oto,  Brgt,  which  is  sub-conglomerate,  but  has  also  been  found  in  small 
fragments  above  the  Millstone  grit. 

In  order  to  give  a  better  insight  into  the  characters  of  these  ferns,  I 
describe  the  more  important  species  of  the  second  section. 
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PSEUDOPECOPTERIS  NERVOSA,  Brgt. 

Fronds  tripinnate  or  compound,  dichotoraous  and  multifid ;  primary 
pinnio  large,  broadly  lanceolato;  secondary  divisions  open,  linear-lanceo- 
late toward  the  apex;  pinnules  oblique,  connate  from  the  base  or  above, 
ovate,  obtuse  or  lar»C3olatc  obtusely  acuminate,  the  inferior  ones  on  the 
lower  side  generally  bilobate;  medial  nerve  effaced  above  by  divisions; 
lateral  veins  all  derived  from  the  midrib,  at  an  acute  angle  of  divergence, 
forking  once.  A  large  beautiful  fern,  not  rare  in  the  sub-conglomerate 
measures  and  in  the  first  coal  above  the  conglomerate. 

P.  Pluckneti,  Schloth. 

Somewhat  like  the  preceding,  but  smaller  in  all  it«  parts,  the  pinnules 
entire,  undulate  and  crenulate  on  the  borders,  the  lower  not  lobate,  the 
lower  veins  forking  twice,  the  upper  only  once,  all  distinct  but  not 
inflated.    Si^ecies  common  above  the  Millstone  grit,  not  observed  under  it. 

P.  Newberryii,  Lesq. 

itocl3,/.  2. 

Pinnje  divided  at  the  top  in  two  diverging  branches;  secondary 
pinnae  short,  distant,  nearly  at  right  angles  to  the  rachis;  pinnules  about 
as  in  the  preceding  species,  the  veins  being  all  forking  once  only,  the  up 
per  simple.  The  frond  appears  small  and  simply  forking  at  the  top  of 
the  stipe,  but  never  pinnate.  I  have  seen  small  plants  not  higher  than 
four  cm.  and  in  an  apparently  incipient  state  of  development,  with  exactly 
the  same  characters  as  those  of  the  one  figured. 

P.  MURiCATA,  Brgt. 

PUite  12,  /  3. 

Fronds  very  large,  decompound  and  dichotomous  or  polypinnate; 
secondary  pinna)  long,  linear-lanceolate ;  tertiary  divisions  open,  sometimes 
at  right  angles,  distant;  pinnules  distant,  variable  in  shape,  lanceolate- 
acuminate,  sometimes  distinctly  lobate,  the  lower  lobes  half  round,  the 
terminal  pinnules  acute,  or  the  upper  lanceolate,  entire  or  undulate;  pri- 
mary nerve  thick,  dissolved  under  the  apex ;  lateral  veins  thick,  more  or 
less  inflated  toward  the  borders,  the  upper  forked  once,  the  lower  twice. 
Mostly  sub-conglomerate.  The  figured  specimen  is  from  the  Whetstone 
beds  of  Indiana. 
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P.  ANCEP8,  Lesq, 

Frond  divided  as  in  the  preceding  species ;  pinnae  of  the  third  order 
oblique,  distant,  rigid;  ultimate  pinnse  short,  inclined  upward,  lanceolate 
or  oblong;  pinnules  short,  round,  ovate  or  subquadrate,  the  lowest  gener- 
ally free,  the  upper  ones  gradually  more  and  more  connate,  the  ulti- 
mate becoming  simple  and  undulate  by  the  cohesion  of  the  pinnules ; 
veins  forking  twice,  either  derived  from  a  thin  middle  nerve,  or  dicho- 
tomous  and  flabellate  from  the  base.  Species  locally  very  common  above 
the  conglomerate. 

P.   LATIFOLIA,  Brgt, 

Frond  tripinnate,  bipinnate  above ;  secondary  pinnaa  long,  with  a  thin 
alate  rachis;  pinnules  distant,  inclined  outside,  ovate-lanceolate  in  out- 
line, deeply  lobed;  lobes  half  round,  entire,  the  lower  sometimes  ir- 
regularly dentate;  middle  nerve  flexuous;  lateral  veins  dichotomous, 
curved,  forking  once  or  twice;  substance  of  the  pinnules  very  thick, 
coriaceous — rarely  found.  The  only  good  specimens  I  have  seen  are  from 
the  sub-conglomerate  of  Alabama. 

P.  acutay  Brgt.,  has  the  same  characters  as  the  last,  but  the  terminal 
pinnules  are  acute. 

P.  upeciosay  Lesq.,  and  P.  Virginiana,  Meek,  are  two  splendid  species 
whose  divisions  of  stems  and  leaves  have  great  analogy  to  those  of  P. 
muricataf  but  are  all  much  larger,  with  pinnse  and  pinnules  flat,  the  rachis 
winged.  The  nervation  is  of  the  same  character.  Both  these  species  are 
sub-conglomerate  and  sub-carboniferous,  P.  Virginiana  being  found  at  th 
very  base  of  the  carboniferous  measures. 

PECOPTEEIDE^. 
PEC0PTERI8,  Brgt, 

Plate  13,/.  3;  p/.  14,  /.  1,3  6. 

Fronds  bi,  tri  or  poly-pinnate;  ultimate  pinnae  long,  pinnatifid;  pin- 
nules adhering  to  the  rachis  by  their  w^hole  base,  free  or  more  or  less 
deeply  connate  at  base,  open  or  inclined  but  not  decurring,  borders  gene- 
rally contiguous  or  nearly  so ;  secondary  veins  derived  from  the  medial 
nerve  of  the  pinnules,  simple,  or  bi-trifurcate ;  fructifications  often  pre- 
served as  round  sori,  in  simple  or  double  rows  along  the  borders,  and 
composed  of  sporanges  generally  placed  star-like  around  a  central  point. 
(PI.  13,  f.  3,  3  b.) 

The  species  of  this  genus  are  very  numerous  and  variable,  especially  in 
the  form  and  relative  position  of  the  pinnules.  Schimper,  in  ^^Paleon- 
tobgie  Vegeiak,^  has  grouped  them  in  separate  sections  according  to  their 
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apparent  relations  to  genera  of  ferns  of  the  present  epoch.  This  mode  of 
division  being  difficult  to  understand  for  those  who  are  not  well  acquainted 
with  the  living  ferns,  I  have  admitted  the  following  sections,  established 
from  characters  which,  observable  upon  fossil  species  of  the  coal,  are  gen- 
erally persistent  and  more  easily  recognized : 

1.  Pecopleris  goniopterids  (gounos^  fructified).  Lateral  veins  simple  or 
forking,  incurved. 

2.  Peoapteris  proper  or  Cyathemdes  (kuaihoSy  cup),  answering  to  the  char- 
acters described  for  the  genus.  The  leaflets  are  generally  coriaceous,  of 
coarse  substance,  convex  on  the  upper  face.  The  species  of  the  group  are 
sub-divided  according  to  their  nervation  either  in  simple  or  in  once  or 
twice  forked  veins.     (PI.  14,  f.  1,  2.) 

3.  Pecopteris  vUhns,  whose  leaflets  have  the  surface  hairy  or  villous. 

4.  Pecopteris  crGstatey  whose  pinnules  are  short,  lobate  or  cut  at  the  apex 
in  two  or  three  small  teeth. 

Of  the  group  of  the  Goniopteridsy  the  more  important  and  common  spe- 
cies is  P.  i/nito,  Brgt.,  (pi.  13,  f.  3).  I  have  figured  merely  an  ultimate 
pinna  with  the  pinnules  contiguous  in  their  whole  length,  the  veins  sim- 
ple, incurved;  the  fructifications  seen  upon  separate  leaflets.  But  the 
fern  was  very  large,  its  secondary  pinnse  broad  and  short  with  the  ter- 
tiary ones  like  that  figured,  close,  all  of  the  same  length  and  character. 
Another  species,  P.  emarginata,  has  the  tertiary  pinnse  much  longer  and 
broader,  some  of  them  fourteen  cm.  long,  two  and  one-half  cm.  broad,  but 
all  the  characters,  nervation,  fructifications,  form  of  the  pinnse,  are  so 
exactly  like  those  of  P.  unUa,  that  these  large  leaflets,  always  found 
separate  from  the  stems,  have  been  considered  by  some  authors  as  rep- 
resenting a  large  form  of  the  same  species.  P.  Umgifoliay  Brgt.,  P.  Ian- 
ceolatay  Lesq.,  are,  however,  positively  distinct  species,  the  pinnse  being 
entire,  not  lobate  nor  undulate  on  the  borders.  P.  arguta,  Goep.,  has  the 
veins  thick,  oblique,  parallel,  straight  to  the  borders,  not  incurved. 
These  last  named  species  and  two  others  composing  the  group  are  rarely 
found  in  the  American  Carboniferous ;  the  two  first  are  common  enough. 
All  pertain  to  the  supra-conglomerate  measures. 

PECOPTERIS  (OyaJlhetndn,) 

The  species  of  this  group  were  mostly  tree-ferns,  hence  their  remains 
are  locally  very  abundant.  I  have  seen  a  whole  cabinet  of  carboniferous 
fossil  plants  composed  merely  of  fragments  of  fronds  and  pinnse  of  the 
same  species.  Of  course  these  fragments  are  mostly  diflerent,  represent- 
ing pinnaB  of  first,  second,  third  degree  of  divisions,  all  of  peculiar 
and  sometimes  so  varied  characters  that  it  is  at  first  difficult  to  recall 
them  to  one  species  only.  None  of  the  species  of  this  group  have  been 
as  yet  found  below  the  Millstone  grit,  at  least  in  the  North  American 
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Carboniferous.  Among  the  more  noticeable  are  P.  arborescem,  Brgt., 
which  takes  its  name  from  the  elegant  shape  of  its  pinnse,  comparable  to 
that  of  a  miniature  tree.  Its  pinnules  are  small,  the  lateral  veins  simple. 
In  the  lower  part  of  the  branches,  the  ultimate  pinnae  become  much  longer, 
the  pinnules  narrow,  close,  of  unequal  length  and  the  vems  forking  once. 
With  P.  pkUjp'a^is  and  P.  nodosa,  which  have  the  nervation  of  the  same 
character,  the  species  is  distributed  in  the  upper  part  of  the  carboniferous 
from  the  Pittsburg  coal  to  the  Permian.  Per  contra,  P.  quadratifoHa, 
which  has  also  large  and  multifid  fronds,  but  which  is  easily  recognized 
by  its  very  small,  nearly  round  leaflets,  truncate  or  angular  at  the  top,  is, 
for  its  distribution,  limited  to  the  lower  strata  above  the  conglomerate. 

P.  Strongii,  Lesq. 

PUUe  14,  /.  2. 

Remarkable  for  the  great  length  of  its  pinnae  and  the  peculiar  posi- 
tion of  its  leaflets  which,  deflexed  near  the  base  and  all  more  or  less  dis- 
tant, give  to  the  pinna  the  appearance  of  a  simple  frond.  The  species 
has,  however,  been  found  in  fragments  of  pinnae  like  that  of  f  1,  which, 
represents  another  species  of  fern.  Its  habitat  is  in  the  coal  just^bove 
the  conglomerate. 

P.    OREOPTERIDI8,   SchloUl, 

Pinnules  broader  and  shorter ;  veins  forking  once  at  or  near  the  base 
and  curving,  so  that  their  ends  reach  the  borders  at  right  angles. 

P.  Candolleana,  Brgt.y  and  P.  elliptica,  Bunb. 

Eespecially  distinct  by  the  pinnules  distant  from  each  other  and  not 
contiguous  on  the  borders.  The  first  has  long  linear  narrow  pinnules; 
the  second  has  them  short  smaller  ovate.  The  nervation  is  about  the 
same  in  both,  the  lateral  veins  forking  once  or  twice. 

The  largest  species  of  the  group,  P.  3/i/toni,  is  extremely  diversified  in 
the  form  of  its  pinnae  and  the  size  of  the  pinnules,  which,  though  gen- 
erally large,  become  very  small  in  some  of  the  lateral  divisions  of  the 
fronds.  In  this  species,  the  veins  are  generally  twice  forked,  first  near  the 
base  and  then  in  the  upper  part  of  each  veinlet.  This  and  the  two  pre- 
ceding are  found  generally  distributed  through  the  middle  carboniferous 
measures. 

The  villous  Pecopterids  are  not  very  numerous  in  s|)ecies.  As  their  sur- 
face is  covered  with  a  more  or  less  thick  coating  of  short  hairs  the  nerva- 
tion is  indistinct  or  seen  only  with  difficulty.  It  happens,  however,  that 
by  maceration  the  upper  surface  of  the  leaflets  is  sometimes  destroyed  and 
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the  veins  are  exposed  in  relievo ;  at  other  times  the  coating  of  hairs  has 
been  rubbed  off  and  the  veins  become  distinct.  This  is  the  case  in  P. 
ve^;iia,  pi.  14,  fig.  1,  which  has  the  same  kind  of  division  of  its  fronds  as 
the  species  of  the  preceding  section,  but  which,  besides  its  generally  vil- 
lous surface,  is  distinct  by  the  very  oblique  veins  forking  once  at  base, 
the  upper  branch  forking  again.  As  seen  in  fig.  1  a. ,  the  sori  are  placed 
between  the  veins  near  their  point  of  division. 

P.  villosa  is  the  more  common  species  of  this  group,  even  perhaps  of  the 
genus,  sometimes  covering  by  its  remains  the  roofs  of  long  tunnels  of 
some  veins  of  coal.  It  is  by  the  characters  of  ita  divisions  and  also  of  its 
nervation  much  like  P.  MiUoni,  differing  by  its  smaller  leaflets,  contigu- 
ous on  the  borders,  and  the  villous  surface. 

The  crestate  Pecopterids  are  especially  represented  by  P.  eroea,  Gutb. , 
whose  ultimate  pinnae  are  linear,  narrow  at  right  angles  to  the  rachis, 
thick-nerved  in  the  middle  and  cut  on  the  borders  by  simple  or  double 
•  very  small  teeth,  giving  to  them  the  appearance  of  small  saws.  The  veins 
are  simple  to  above  the  middle  and  there  branch  in  two  or  three  divisions 
reaching  the  point  of  tlie  teeth.  The  fructifications  are  on  comparatively 
large  round  sori  placed  on  the  borders  of  the  pinnae,  covering  the  teeth  in 
the  delitate  species,  or  placed  as  in  the  following : 


P.  SOLID  A,   Lesq. 
Plate  14,  fig.  S,Sb. 

Pinnae  simple,  with  a  very  thick  rachis  and  divisions  at  right  angles 
attached  by  the  enlarged  base  of  the  thick  medial  nerve;  pinnules 
linear  or  slightly  narrowed  to  an  obtuse  apex,  rounded  and  enlarged  at 
the  Imse,  very  entire,  coriaceous,  without  trace  of  veins ;  fructifications 
in  round  distant  sori  placed  in  rows  along  the  borders,  with  sporanges 
placed  starlike  around  a  central  point. 

Some  species  of  Pccopteris  are  of  uncertain  relation  to  the  groups  estab- 
lished.   In  the  U.  S.  coal  flora,  forty-five  species  of  this  genus  are  described. 

OLIGOCARPIA,  Goi^pp. 

Fronds  bi  or  tripinnate;  primary  pinnae  oblong-lanceolate;  secondary 
open,  linear;  pinnules  divided  in  oblong  or  half  round  leaflets,  connate  at 
base,  crenulate  on  the  borders ;  primary  and  secondary  veins  nearly  of  the 
same  size,  thin,  distinct,  the  lateral  curved  to  the  borders,  simple  or  forked. 

This  genus  is  intermediate  between  the  Pecoptendeie  and  the  Sphenopter- 
idecSf  the  divisions  and  shape  of  the  pinnae  being  like  those  of  Pecopteris, 
while  the  nervation  and  the  crenulate  borders  indicate  affinity  to  Sjjhefwp- 
teris. 
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Three  species  have  been  described ;  one  0.  Ghdbieri,  common  to  Europe 
and  America,  has  been  found  a^  yet  only  in  the  lower  coal  beds  above 
the  conglomerate;  another,  smaller  in  all  its  parts  and  more  delicate,  0. 
Alahamemisy  pertaining  to  the  sub-carboniferous,  is  known  from  a  mere 
fragment.  O.  JUtgellarUf  Lesq.,  is  upper  carboniferous. 


SPHENOPTERIDE^. 

Fronds  hi,  tri,  poly-pinnate;  divisions  open  or  at  right  angles;  pin- 
nules narrowed  at  base,  often  decurring,  cuneiform,  entire  or  pinnately 
lobed ;  lobes  rarely  entire,  crenulate,  dentate  or  laciniate ;  primary  nerve 
(medial  nerve  of  the  pinnules)  slender,  alternately  dichotomous,  the  sim- 
ple brandies  entermg  the  base  of  each  lobe  to  pass  by  branchlets  into  the 
sub-divisions  of  the  lamina.  In  the  genus  Eremopteris,  the  lateral  veins 
enter  the  lobes  at  an  acute  angle  of  divergence  from  the  midrib  and  pass- 
ing up  to  the  borders  are  flabellate,  dichotomous,  parallel  and  close,  as  in 
species  of  Neuropteris.  In  the  genus  ArdueopterUf  tlie  veins  are  flabellate 
and  dichotomous,  as  in  OdontoptanSy  but  diverging  and  flabellate  from  the 
wedge-form  base.     (U.  8.  Coal  Fl.) 

Until  now  little  has  been  published  by  European  authors  on  the  fructi- 
fication of  the  Sphenopteridew,  which  are  variable  for  each  group.  A 
number  of  fructified  species  have  been  found  in  the  North  American  Car- 
boniferous, and  it  may  soon  l>e  possible  to  fix  a  classification  of  the  species 
upon  the  characters  of  their  sori.  Until  this  can  be  done  and  in  order  to 
facilitate  their  determination  I  have  separated  them  in  the  following 
sections : 

1.  S[Jierwpteris  (Pecopterid),  Fronds  with  ultimate  pinnae  deeply 
lobed ;  lobes  connate  to  the  middle  or  higher ;  veins  pinnate  as  in  Pecop- 
teris,  Some  species  of  this  group  have  been  described  as  Peeopteris  by 
Brongniart. 

2.  Sj^enopteris  (proper),  Pinnje  more  deeply  divided  in  lobes  or  pin- 
nules, narrowed  and  decurring  at  base,  generally  dentate  or  crenate  at 
the  apex. 

3.  Sphenopteris  {HtfnvmophyU'den),  Fronds  poly-pinnate,  rachis  of  the 
the  ultimate  and  penultimate  divisions  composed  of  narrow  linear  fisiscicles 
of  veins,  mostly  united  into  a  simple,  rarely  double  nerve,  bordered  by  a 
narrow  lamina  and  repeatedly  dichotomous  in  the  pinnules,  whose  lobes 
or  segments  of  lobes  are  entire,  linear,  obtuse  or  narrowly  lanceolate, 
acuminate,  rarely  cuneiform. 

Eremopteru^  separated  from  Sphenopteris^  by  Schimper,  is  a  transitional 
division  passing  to  the  genus  TriphyUopteris,  of  the  same  author  or  to  the 
following  group. 
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4.  AdianJtUea.  The  characters  of  this  group  are  mentioned  above  for 
its  more  important  g^nus,  Arch/xopteris,  On  account  of  the  peculiar  ner- 
vation, its  species  have  bfeen  sometimes  united  to  Cydopteris^  though,  as  it 
will  be  seen,  the  characters  are  £%r  different. 


SPHENOPTEBIS,  (PeeopUnd) 

Of  the  species  of  this  group,  S,  chxrophylloideSf  Brgt.,  is  one  of  the 
finest,  and  more  generally  found  in  good  specimens  in  the  coal  measures. 
The  leaf  is  bipinnate,  the  pinnse  long,  linear  or  lanceolate  in  the  upper 
part,  composed  of  oblique  close  deeply  pinnately  lobed  pinnules,  the 
lobes  obscurely  dentate  and  distinct  to  below  the  middle;  lateral  veins 
forked.  The  fructifications  are  in  small  round  sori,  placed  upon  the  low- 
er branches  of  the  veins  abruptly  ending  in  the  middle  of  the  lamina. 
This  species  has  been  described  by  Brongniart  from  European  specimens. 

Two  other  European  species,  S,  Murrayana,  Brgt.,  and  S,  alcUa,  Brgt., 
are  represented  in  the  **  U.  S.  coal  flora,"  by  plants  whose  characters 
are  somewhat  at  a  variance  with  those  described  by  the  author.  As 
of  these  two  species  the  first  is  in  Europe,  of  Jurassic  age,  the  other  from 
the  carboniferous  of  New  Holland,  the  two  analogous  North  American 
forms,  though  previously  supposed  identical,  have  been  described  as  8. 
pseudo-Murrayana  and  8,  stihalata.  Both  are  fine  and  distinct.  The  divis- 
ions of  the  pinnsB  and  pinnules  are  of  the  same  type  as  in  8,  chcerophylr 
loides.  Six  species  have  been  described  of  this  group,  all  from  the  first 
coal  above  the  conglomerate. 


8PHEN0PTERIS,  (proper). 

In  the  plants  of  this  group  the  rachis  is  generally  flat,  the  ultimate  pin- 
BfiB  long,  curved  and  flexuous,  the  pinnules  oblique,  pinnately  lobed  or 
dentate,  the  veins  pinnately  derived  from  the  medial  nerve,  the  lower 
forking,  the  upper  simple. 

Of  the  seven  species  of  this  division,  six  have  the  same  range  of  hab- 
itat as  thpse  of  the  last;  one  is  sulxjonglomerate. 


S.  MIXTA,  Lesq. 

PUUe  16,  /.  1,  2. 

Most  variable  and  diversely  represented  in  fragments  of  its  pinna),  the 
pinnules  being  either  pinnately  lobed,  as  in  fig.  1,  wi^h^  lobes  half  round 
etttite  or  diversely  cut,  or  merely  pinnate,  as  fig.  2,  Mi^th  lobes  inclined  ob- 
long obtuse  entire.  ' 
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S.  BmiTsn. 

Plate  \Oyf.^, 

PiDiiSB  regularly  pinnately  divided  in  alternate  oblique  oblong  more 
or  less  deeply  crenate  lobes.  It  was  first  known  from  small  fragments 
found  in  Missouri  but  has  been  recently  obtained  in  very  large  and  beau- 
tiful specimens  from  the  coal  measures  of  Southern  Ohio,  the  locality  and 
horizon,  however,  being  still  unknown.  The  fructifications  are  marked 
in  one  or  two  deeply  set  round  sori,  placed  inside  of  the  undulations  or 
teeth  of  the  lobes.   The  surface  of  the  leaves  is  verrucose. 


SPHEN0PTERI8,  { Hi/menophyUiteg). 

Plate  15,  /.  4. 

These  plants,  by  the  divisions  of  the  pinnules  and  the  nervation,  have  a 
relation  to  species  of  Hymenophyllum  of  the  present  epoch.  The  division* 
are  more  or  less  numerous,  obtuse  or  acute,  always  entered,  each  by  one 
veinlet  which  ascends  to  the  borders. 

The  ten  species  described  from  this  group  have  been  mostly  found  be- 
low the  conglomerate,  even  in  the  Mub-carboniferous  measures  below  the 
Chester  limestone ;  two  only  ascend  to  the  base  of  the  middle  coal.  In- 
deed, most  all  of  the  species  of  SphenopterU  have  been  found  in  the  low- 
est coal  strata,  either  below  the  conglomerate  or  immediately  above  it.  A 
peculiar  group  of  the  genus,  however,  is  represented  in  the  Permo-Car- 
boniferous  measures  of  Virginia. 

S.  SPIN08A,  Ooepp. 

A  peculiar  and  very  rare  species.  The  frond  is  divaricate,  poly-pin- 
nate; primary  pinnse  reflexed,  large;  secondary  divisions  ovate  or  broadly 
lanceolate  in  outline,  pinnately  lobed ;  lobes  palmately  cut  in  linear  or 
wedge  form  obtuse  generally  bifid  lacinise,  the  terminal  prolonged  into 
a  long  sul)-cylindrical  acuminate  or  obtuse  point. 

The  whole  plant  is  thick;  the  branches  thick,  i-ound;  the  pinnules  squa- 
mose  on  the  surface;  the  veins,  very  thin,  buried  into  the  epidermis,  are 
in  fascicles,  dividing  at  the  base  of  the  lobes  and  entering  them. 

The  species  is  very  rare  in  the  American  coal  measures ;  some  fragments 
have  been  found  at  the  Colchester  coal,  of  Illinois,  above  the  conglomerate. 
A  very  fine  specimen  is  in  the  National  Museum  at  Washington,  coming 
from  Pax  ton,  Sullivan  County,  Indiana.  Fragments  of  the  species  have 
also  been  obtained^t  Clinton,  Missouri. 
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8.,  TRIDACTYLTTES,  Brgt. 
PUUe  16,  /  4. 

This  species  represents  a  type  of  ferns  most  common  in  the  sub-carboniferous 
measures.  The  fronds  are  tripinnatelj  divided ;  the  secondary  pinnse  open, 
lanceolate;  the  pinnules  ovate-lanceolate  in  outline,  gradually  shorter 
toward  the  apex,  sessile,  slightly  inclined  or  at  right  angles  to  the  round 
rachis,  pinnately  lobed ;  lobes  wedge  form,  the  lower  trifid,  the  middle 
narrower,  bifid,  the  upper  simple,  the  segments  short,  linear-obtuse.  The 
fruitifications  are  in  groups  of  small  round  sori  placed  on  the  under  face 
of  the  lobes  and  covering  them  nearly  entirely.  They  have  been  figured 
in  the  "  U.  8.  Coal  Flora,''  pi.  55,  f.  9,  9  6. 

As  closely  aUied  to  this  species,  the  following  may  be  quoted :  S.  furcata^ 
with  longer  pinnules,  palmately  deeply  lobed,  subdivided  in  three  linear 
long  segments,  oblique  or  diverging.  S,  HUdrdhi  differing  from  the 
last  by  the  rachis  narrower,  not  geniculate,  the  pinnules  pinnately 
lobed,  the  segments  shorter.  S.  flexieatdis,  which  has  the  division  of  the 
rachis  very  flexupus  and  winged,  the  pinnules  small,  palmately  lobed  into 
short  entire  obtuse  segments.  To  these  may  be  added  S.  trichomanoideB^ 
8.  degans  and  S,  Hcminghaudi,  differing  by  the  position  and  form  of  the 
lobes  all  small  and  palmately  divided. 

Three  species  of  SphenopteriB  are  still  separately  described  as  of  uncertain 
relation,  S.  BaUantini,  Audr.;  S,  linearis^  Brgt.,  both  sub-conglomerate,  and 
8,  flaceida,  Crepin,  found  in  the  Vespertine  sub<:arboniferous  of  Pennsyl- 
vania. 

EREMOPTERLS,  Schimper. 

PUUe  Ibffig,  5  {eremos  solitary). 

Upper  part  of  the  fronds  dichotomous ;  pinnse  open  or  oblique,  irregularly 
pinnatifid ;  segments  long,  narrowly  obovate  or  wedge  form,  obtuse,  entire 
or  crenulate,  the  lower  deeply  lobate. 

Of  the  eight  species  described  of  this  genus,  six  are  sub-carboniferous, 
mostly  found  in  the  low  coal  of  Alabama ;  the  two  others  ascend  to  the 
first  coaT  above  the  conglomerate.     Two  of  them  are  European. 


E.    ARTEMISIiEFOLIA,  Brgt. 

BaU  Ib.fig.b. 

Answers  to  the  above  description  of  the  genus.  The  other  species  differ 
especially  by  the  positicm  of  the  pinnsB  at  right  angles,  the  rachis  flexuous^ 
and  the  length  and  mode  of  division  of  the  pinnules. 
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E.  MARGIN  ATA,  Andr, 

PUUe9,fig,b, 

Is  of  uncertaiQ  affinity,  related  by  its  nervation  to  Adiarititea.     The 
species  of  this  genus  are  generally  rare. 


ADIANTITES,  Brgt, 

Fronds  large,  bipinnate  or  tripinnatiiid ;  pinnules  oblique,  simple  or 
bi,  trilobate,  gradually  or  abruptly  narrowed  to  the  point  of  attachment ; 
veins  dichotomous  from  the  base,  dividing  fan-like,  straight,  thin,  distinctly 
marked. 

To  the  Adiantltes^  I  refer  TrlphyUopteris,  Schp.,  and  ArduxopUrU, 
Daws. 

TRIPHYLLOPTERIS,  Schp. 

Lower  pinnules  sub-opposite,  tripartite  or  trifoliate,  sometimes  pinnatiiid, 
the  upper  gradually  more  simple,  all  narrowed  or  contracted  to  a  flat 
slightly  decurring  short  pedicel ;  veins  equal,  simple  or  dichotomous. 

Of  this  genus,  two  American  species  only  have  been  described,  one  from 
the  sub-conglomerate  measures,  the  other  from  the  sub-carboniferous. 


T.  Cheatha&u,  Sp.  nov. 

PL  15,/.  6. 

Pinnae  apparently  large,  secondary  divisions  at  right  angles  to  a  flexuous 
narrowly  keeled  rachis;  pinnules  or  ultimate  pinnse  oblique,  broadly 
lanceolate  in  outline,  pinnately  three  to  five  lobed;  lobes  trifid,  cuneiform, 
the  upper  simple  or  bifid,  the  terminal  cuneiform,  crenate  or  split  at  the 
apex ;  veins  dichotomous,  flabellate. 

T.  Lescuriana,  Meek. 

Pinnules  broadly  wedge  form,  narrowed  to  a  short  oblique  flat  pedicel, 
decurring  to  the  rachis,  deeply  three,  rarely  four  lobate ;  lobes  disjointed 
to  the  middle  or  below  it,  the  middle  distinct,  longer,  all  oblanceolate 
blunt  at  the  apex,  rarely  acute ;  nervation  that  of  the  genus. 

A  beautiful  species  discovered  by  Prof.  B.  F.  Meek  at  the  base  of  the 
sub-carboniferous  measures  of  Virginia. 
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ARCHiEOPTERIS,  Daw, 
(Archaioa,  ancient.) 

•       Plate  9,  /.  3,  4. 

This  fine  genus  has  the  characters  described  above  for  AdiantUes,  All 
its  species  belong  to  the  upper  Devonian  or  the  lowest  strata  of  the  sub- 
carboniferous ;  none  have  been  found  in  the  productive  carboniferous 
measures.  The  fronds  were  very  large,  some  of  them  at  least,  with  long 
straight  or  flexuous  branches  and  wedge  form  leaflets,  rounded  at  the 
upper  borders  or  truncate,  entire  or  crenulate,  variable  in  length  from  less 
than  1  to  5  cm.  and  ^  to  4  cm.  broad.  The  fructifications,  or  de- 
composed fertile  pinnules,  are  placed  along  the  rachis  of  the  pinme  in 
rows  of  fascicles  of  club-shaped  spore-cases  attached  to  an  excurring  medial 
nerve,  pi.  9,  f.  3. 

Seven  species  have  been  described,  two  of  which  are  figured.  One, 
Archceapteris  minor,  Lesq.,  pi.  9,  f.  3,  represents  the  species  with  fructi- 
fications, the  other.  A,,  obtusa,  Lesq.,  pi.  9,  f.  4,  is  a  fragment  of  a 
very  large  pinna.  Both  are  Devonian  or  of  the  lowest  sub-carboniferous 
measures  of  Pennsylvania,  the  Pocono.  Fragments  of  one  sjiecies 
only.  A,  Bockschiana,  Goepp.,  represent  the  plant  as  tri-pinnately  divided, 
the  ultimate  pinnse  bearing  reniform  or  broadly  obovate  pinnules,  either 
alternately  placed  along  the  rachis  or  trifoliate,  indicating  the  relation  of 
the  group  to  the  Spfien^pteris.  These  fragments  were  obtained  in  the 
(Pocono)  sub-carboniferous  measures  of  Pennsylvania. 


FERNS  OF  UNCERTAIN  RELATION. 

RHACOPHYLLUM,  Schimper. 

Plate  16,  f,  7-9. 

Fronds  either  flabelliform  nearly  entire,  or  irregular  many  times 
divided;  rachis  flat,  generally  much  enlarged,  leaf-like  or  scarcely 
thicker  than  the  foliaceous  lamina  which  is  always  very  variable  in  the 
size  and  mode  of  its  divisions ;  veins  generally  indistinct,  following  the 
rachis  in  parallel  bundles  passing  by  dichotomy  in  the  foliaceous  divisions. 

Though  the  morphology  of  the  plants  described  in  this  genus  may  be 
quite  as  clear  as  that  of  the  other  ferns  of  the  Carboniferous,  their  nature 
and  their  role  in  the  vegetation  is  as  yet  uncertain.  If  some  species  ap- 
pear related  to  Sphempterh  (Htpnetiophyllites)  by  the  divisions  of  their 
piimse  and  the  distribution  of  the  veins,  first  in  flat  bundles  in  the  pri- 
mary rachis,  then  diversely  forking  in  passing  to  the  pinnte,  the  lobes,  etc., 
others  are  without  any  affinity  whatever  to  any  known  characters  of  the 
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ferns.  They  appear  to  have  been  either  a  protophyllous  vegetCitiou,  ap- 
pearing before  the  stems  of  ferns  and  preceding  their  development,  as  are 
now  the  tissues  of  filaments  preceding  the  vegetion  of  mosses  or  mush- 
rooms, even  of  some  ferns  of  the  present  epoch,  where  parte  of  the  organs 
of  the  inflorescence  are  developed  before  the  production  of  the  fruiting 
plants.  Others  were  evidently  parasites,  as  they  are  often  found  attached 
to  the  stems  of  different  species  of  ferns.  Extremely  variable  in  their 
characters,  especially  in  the  forms  of  their  divisions  even  upon  the  same 
species  or  the  same  branches,  as  can  be  seen  (pi.  15,  f.  7),  they  are  still 
more  so  in  the  size  of  the  plants.  Some  are  still  smaller  than  that  figured, 
pi.  15,  f.  8 ;  others  have  pinnse  twenty  to  thirty  cm.  long,  either  dividing 
all  around  from  a  central  point,  or  erect  and  pinnately  branching,  the 
main  axis  being  two  to  four  cm.  broad.  Their  texture  sometimes  thick 
and  coriaceous,  was  apparently  generally  soft  and  easily  decomposed,  as 
they  have  been  rarely  found  in  the  stratified  shale  of  the  coal,  but  of\en 
in  the  concretions  or  nodules  of  Illinois  and  Indiana,  where  the  sofl  cel- 
lular remains  of  plants  have  been  more  generally  preserved. 

More  than  twenty  species  referable  to  this  geniSs,  or  rather  group,  have 
been  described.  What  is  said  above,  of  the  great  disposition  of  the  plants 
to  vary,  renders  the  circumscription  of  the  stvcalled  species  as  difficult  as 
it  is  uncertain.     Some  of  the  more  marked  are  the  following: 

R.    FLABEIXATUM,    St, 

Leaves  large,  fifteen  to  twenty  cm.  long,  coriaceous,  rounded,  wedge 
form,  entire  at  base,  enlarged,  flabellate  and  laciniate  at  the  apex;  fasci- 
cles of  nerves  distinct,  parallel. 

A  very  rare,  beautiful  species,  found  in  the  sub-carboniferous  of  Indi- 
ana, Illinois,  rarely  in  the  coal  above  the  conglomerate. 

R.  MEMBRANACEUM,  JjCSq. 

Frond  large,  pinnately  divided,  rachis  or  medial  axis  flat,  broad;  divis- 
ions alternate,  broad,  turned  upward,  cut  at  the  apex  in  acute  short 
eegments ;  veins  distant,  distinct  and  dichotomous. 
.  The  frond  was  at  least  twenty  cm.  long ;  the  main  rachis  forty  cm. 
broad,  the  primary  divisions  two  cm.  The  specimen  which  only  shows 
a  fragment  of  the  frond  is  from  the  Clintcm  coal,  Missouri. 

R.  LACTUCA,  St. 

Medial  axis  either  long  and  pinnately  divided  or  :*essile,  enlarged  from 
the  base  all  around,  diversely  lacinate;  primary  divisions  large,  curving 
outward,  the  ultimate  short,  linear,  lanceolate,  or  long,  linear,  flexuous. 
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obtuse  or  acute.  The  specific  name  is  derived  from  the  subdivisions  of 
the  fronds  of  this  fern,  spreading  around  like  the  leaves  of  a  bunch  of 
lettuce.     The  species  is  commonlj  found  in  the  middle  coal  measures. 

R.  CORRALLINUM,  Lesq. 

Plate  II),  /.  7. 

Plants  of  smaU  size ;  b^ilar  pinnse  diverging  in  a  circle  from  a  central 
axis;  broadly  lanceolate,  pinnately  dichotomous;  divisions  oblique,  the 
ultimate  either  short,  truncate,  obtuse,  or  narrow,  slender,  filiform,  forked 
once  or  twice,  surfiuse  dotted  with  hairs. 

This  species  obtained  in  the  nodules  of  Mazon  Creek  exposes  the  varia- 
bility of  the  ramification  and  the  diversity  of  characters  of  fragments  of 
the  same  plant. 

R.   ADNASCENS,  U.  and  HvJtL 

Plate  15,  /.  8. 

Still  smaller  than  the  preceding  and  not  less  variable;  ^nds  many 
times  dichotomous ;  divisions  radiate  or  divaricate  from  the  base,  narrow, 
linear,  obtuse  or  truncate;  veins  parallel  or  simple  in  each  division. 
Common  and  often  found  attached  to  the  rachis  of  other  ferns. 

R   INFLATUM,  Le&q. 

Plait  15,  f,  9. 

Ramification  subpinnate;  lower  lobes  divided  in  obtuse  half  round 
pinnules,  most  of  the  others  being  linear  and  entire. 

Some  species  of  this  genus,  composing  a  peculiar  group,  have  analogy  to 
Fucoids  or  marine  plants,  or  to  some  kinds  of  fungi. 


TRUNKS  OF  FERN-TREES. 

As  seen  pi.  8,  where  a  tree-fern  has  been  reproduced  in  its  general 
appearances,  the  trunks  of  these  trees  are  distinctly  marked  from  their 
base  upward  by  the  scars  of  the  points  of  attachment  of  their  leaves  or 
of  the  base  of  the  petioles  upon  the  bark.  In  living  tree-ferns  the  traces 
of  the  vessels  which  pass  from  the  trunk  to  the  rachis  are  more  or  less 
distinctly  preserved,  pi.  8,  fs.  5,  6,  7.  On  the  fossil  specimens,  the  traces 
or  points  of  vascular  bundles  are  generally  e&ced  and  the  outlines  only 
of  the  inner  structure  of  the  base  of  the  petioles  remain  as  in  pi.  8, 
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fs.  8-10.  These  scars  are  not  rare  in  the  American  coal  measures,  but 
rarely  found,  still  attached  to  stems,  and  mostly  isolated  upon  detached 
fragments  of  the  bark. 

These  scars  are  so  distinct  and  so  widely  different  in  their  characters 
that  they  serve  for  the  determination  of  species  of  tree-ferns,  of  which,  of 
course,  the  ironds  and  leaves  are  unknown ;  for  until  now  no  trunk  of  a 
fossil  tree-fern  has  been  found  with  the  fronds  attached  to  it,  and  there- 
fore the  specific  relation  of  the  scars  to  fern-leaves  is  unknown. 

Tree-ferns  are  often  found  silicified  in  the  coal  measures.  In  petrifica- 
tions of  that  kind,  as  it  has  been  remarked  already,  the  internal  structure 
is  generally  distinctly  preserved  and  can  be  studied  anatomically  by  thin 
slides  prepared  by  the  lapidary  for  microscopical  examination.  But  for 
these  trunks,  also,  a  peculiar  or  separate  study  has  to  be  made,  independent 
from  that  of  the  remains  of  fern-leaves  preserved  in  the  shale ;  for  the 
silicified  trunks  have  not  even  the  bark  preserved,  and  therefore  not,  or 
very  rarely,  the  scars  of  the  petiole.  Hence  the  inner  structure  can  no 
more  give  an  idea  of  the  foIiaceoUs  vegetation  of  the  tree,  than  do  the 
scars  of  the  petioles. 

According  to  the  characters  of  the  scars  and  of  the  inner  structure, 
which  are  peculiar,  very  varied,  and  apparently  reliable  for  the  constitu- 
tion of  specific  or  generic  groups,  the  fragments  of  fern-trees  have  been 
more  generally  considered  under  the  following  four  divisions :  Stemmatop- 
fem,  Caidopteris,  Megaphytum  and  Psarordus. 

8TEMMATOPTERIS,  Cordo. 

P/a^e8,/.  »-10. 

Trunks  erect,  cylindrical;  scars  large,  disciform,  oval,  round  or  ovate, 
disposed  in  quincunxial  or  spiral  order,  and  composed  of  an  outer  flat  bor- 
der or  ring,  and  of  an  internal  disk,  formed  by  impressions  of  fiiscicles  of 
vascular  tissue  generally  horse-shoe  shaped,  the  horns  curved  inward  in 
the  upper  part  of  the  scars,  either  short  and  hooked,  or  descending  to  below 
the  middle  of  the  scars  and  there  united. 

Fourteen  species  of  StemrtwiopterU  are  known  now  from  the  American 
specimens  obtained  from  the  middle  coal  measures,  the  range  of  these  trees 
being  especially  from  above  the  conglomerate  to  the  Pittsburg  coal,  and  still 
higher  to  the  Permo-Carboniferous.  Some  of  these  disks  are  remarkable 
for  their  large  size,  which,  in  S.  insignu,  is  twelve  cm.  in  length,  eight  and 
a  half  cm.  broad ;  others  by  the  scales  bordering  the  scars ;  others  still  by 
their  peculiar  shape,  as  S,  mimica^  pi.  8,  f.lO,  which  represents  the  outlines 
of  the  face  of  a  man.  8,  pdiidy  f.  8,  is  a  simple  inside  scar,  with  inner 
surface  quite  smooth.  St  angudaJta,  f.  9,  is  remarkable  for  its  narrow 
shape  compared  to  its  length.  These  are  figured  to  show  the  great 
diflference  between  the  characters  of  the  scars. 
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CAULOPTERIS,  L(,  &  K 

This  name,  like  the  preceding,  merely  signifies  trunk  of  fern.  The 
species  of  the  genus  differs  from  those  of  the  last  in  being  marked  by  linear 
bands  or  striie,  remains  of  vessels  passing  from  the  trunk  to  the  rachis,  or 
by  impressions  of  rootlets  obliterating  their  original  shape.  Generally  the 
scars  appear  ovate  or  elliptical,  without  mark  of  the  horseshoe  shaped 
vascular  lines.  The  unreliability  of  the  so-called  generic  divisions  of  this 
kind  is  seen  in  the  fact,  that  sometimes,  when  the  linear  bands  are  casually 
effaced  by  erosion  or  maceration,  and  the  horseshoe  shaped  lines  are  seen 
underneath.  Generally,  however,  the  species  of  this  group  have  the  scars 
continuous,  elongated  at  base  in  such  a  way  that  the  upper  scar  is  joined 
to  the  lower  by  that  linear  often  flexuous  prolongation.  The  species  of 
this  genus,  of  which  eight  are  known,  follow  the  same  distribution  as  those 
of  the  preceding. 

MEGAPHYTUM,  Artis, 

Bale  8,  /.  11. 

{MegaSy  large ;  phviony  plant) 

Scars  large,  round-quadrate  in  outline,  contiguous  or  very  close,  placed 
in  opposite  bi-serial  rows ;  internal  disks  convex,  with  central  or  vascular 
impressions,  horseshoe  shaped,  or  a  medial  band,  dividing  vertically  the 
disks  into  two  lobes,  joined  in  the  middle  or  at  the  base. 

The  disposition  of  fronds  of  ferns  in  two  opposite  rows  and  close  to  each 
other  is  peculiar,  and  has  not  been  remarked  upon  any  fern-trees  of  the 
present  epoch.  The  appearance  of  these  trees  was  probably,  upon  a  very 
large  scale,  however,  about  like  that  of  the  leaves  of  certain  species  of 
palms,  divided  in  the  middle  by  the  prolongation  of  the  petiole  with  the 
rays  or  leaves  on  both  sides  of  it. 

Of  the  four  species  described,  M.  protuberam,  Lesq.,  is  represented  by 
a  small  fragment  and  in  reduced  size  (pi.  8,  f.  11).  M,  McLayi^  Lesq., 
has  scars  of  about  the  same  form,  broader,  however,  measuring  nine  cm. 
at  the  cordate  base  and  twelve  cm.  long.  The  distribution  of  the  species 
is  like  that  of  Stemmatopteris, 

PSAR0NIU8,  Cotla, 
,       (Psaros,  speckled.) 

As  a  generic  divisidh,  this  name  is  admitted  by  authors  for  the  descrip- 
tion, of  trunks  of  ferns  found  silicified,  generally  covered  in  the  lower 
part  by  a  coating  of  adventive  roots,  and  whose  woody  cylinder  is  subdi- 
vided into  branches  composed  of  fascicles  of  vessels  of  various  shapes  im- 
mersed into  the  cellular  medular  tissues.     When  the  transverse  section  of 
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these  trunks  is  poHshed  the  fascicles  of  vessels  represent  multiple  varied 
and  beautiful  designs,  like  those  of  marble,  variegated  in  color  and  often 
figured  like  stars.  Trunks  of  Psaronius  are  common  enough  in  divers 
parts  of  our  coal  measures,  especially  in  Southern  Ohio,  Virginia  and 
Northeast  Kentucky. 

Some  silicified  rachises  of  ferns,  whose  internal  structure  has  been  ex- 
amined by  transverse  sections,  have  been  described  by  authors  under  the 
name  of  Bachiopteris. 

LYCOPODIACEJE,  or  dvb  moss  family. 
Plate  16. 

The  LycopodSt  living  at  the  present  epoch,  are  herbaceous,  rarely 
shrubby  plants,  with  a  dichotomous  ramification  (pi.  xvi,  f.  1,  2),  or 
branches,  alternately  or  pinnately  divided.  The  leaves  are  small,  dis- 
posed in  spiral  or  in  verticils,  uniform  of  biform,  ovate-lanceolate  or 
linear,  simply  nerved  in  the  middle.  The  disposition  of  the  leaves  is 
very  variable,  even  upon  the  same  stem  or  branches.  In  the  genus  Selagir 
iieUa^  the  leaves  are  four  ranked  and  biform,  one  series  being  placed  in 
the  upper  part  of  the  stems,  composed  of  smaller  leaves  appressed  to  the 
stemSy  the  other  on  the  lower  face,  of  much  longer  leaves,  horizontally 
spreading.  The  organs  of  reproduction  are  in  sporanges,  placed  in  the 
inside  part  of  the  leaves,  generally  axillary  (pi.  16,  f  4,  4a),  containing 
spores,  either  large,  macrospores  (f.  5),  or,  in  some  genera,  spores  of  two 
kinds  in  separate  sporanges ;  macrospores,  organs  of  germination  and  fruc- 
tification; microspores  (small  spores),  apparently  contributing  like  the 
pollen  of  the  dicotyledons  to  the  fertilization  of  the  macrospores.  The 
LycopodiacecB  have,  therefore,  a  higher  degree  of  organization  than  the 
ferns. 

The  LycopodiacecR  of  the  Paleozoic  formations  had  nearly  the  same  or- 
ganization as  described  above  for  species  of  the  family  living  at  the  pres- 
ent epoch.  As  seen,  pi.  16,  f.  6,  7,  which  represents  a  strobile,  the 
sporanges  (f.  6)  are  placed  in  the  axils  of  leaves  (blades),  curved  at  base 
into  a  support  (sporangiophore)  joining  the  axis  in  right  angle  (f.  6a),  and 
these  sporanges  merely  contained  macrospores  (f.  5,  6).  Sometimes  spo- 
ranges, placed  in  the  upper  part  of  the  cones,  contain  only  microspores,  while 
those  underneath  have  macrospores,  a  fact  which,  however,  has  been 
rarely  observed.  The  cones  of  the  Lycopodiaceas  of  the  coal  are  some- 
times very  large,  four  to  five  times  as  large  as  those  figured ;  pi.  16,  f. 
6,  7.  They  are  rarely  found  in  a  complete  state  of  preservation ;  some 
fragmentary,  like  f.  6,  expose,  by  disintegration,  the  axis  and  the  spor- 
anges attached  to  it;  some  others,  cut  transversely,  as  f.  8,  and  flattened, 
show  the  disposition  of  the  sporanges  around  the  axis,  and  the  form 
and  mode  of  attachments  of  the  blades.      Generally  the  sporanges  or 
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the  sporoDgiophores  with  the  blades,  are  found  detached  and  separately 
mixed  with  other  fragments  of  plants  upon  the  shales  of  the  coal,  as  f.  9, 
10,  11.  They  show  great  variety  in  the  characters  of  the  fructification 
and,  of  course,  of  the  plants  wherefrora  they  are  derived. 

The  Lycopods  of  the  coal,  generally  of  small  size  and  herbaceous,  are 
rare  and  compose  a  group  of  little  importance,  the  LycopodUes.  A  sec- 
ond group,  that  of  the  Lep'idodendreas,  is  mostly  composed  of  large  trees  of 
elegant  forms,  bearing  long  branches,  early  deprived  of  their  leaves  and 
fruiting  strobiles  pending  from  their  extremities.  One  of  the  trees  rep- 
resenting the  genus  Lepidodemdron  is  reproduced,  pi.  17,  f.  1.  The 
leaves  were  linear,  or  linear-lanceolate,  very  variable  in  length,  from  one 
to  twenty  cm.,  according  to  the  different  species,  generally  flat  or  concave 
or  canaliculate,  marked  in  the  middle  by  a  strong  nerve.  Their  points  of 
attachment  are  dbtiuctly  seen  even  upon  the  small  branches  deprived  of 
their  leaves,  by  cicatrices,  which  were  generally,  at  first  broadly  rhomboidal 
or  square,  and  very  small,  one  to  two  mm.,  and  they  generally  incfeased, 
especially  in  length,  with  the  growth  of  the  trunks  and  of  the  branches.  The 
scars,  therefore,  vary  in  size  according  to  their  age  or  their  place  upon 
the  trees,  either  upon  the  branches  or  the  trunks.  These  scars,  generally 
distinctly  preserved,  (pi.  17,  f.  3-7),  and  now  found  upon  fragments  of 
trunk  or  of  bark,  serve  by  their  characters  to  the  determination  of  the 
species.  Of  course  they  are  somewhat  subject  to  variations,  either  by 
casual  modifications  in  the  growth  of  the  trees,  or  by  some  unknown  local 
deformations,  and,  therefore,  it  has  been  supposed  by  some  paleontologists 
that  the  determination  of  species,  from  the  scars  of  the  bark,  is  fallacious 
and  that,  without  reason,  a  too  high  valuation  has  been  made  of  the  num- 
ber of  species  of  Lepidodendron  described  from  the  carboniferous.  In 
contradiction  to  this  opinion  it  may  be  said  that  impressions  of  trees  of 
Lepidodendron  have  been  found  in  Europe,  upon  sandstone  strata,  meas- 
uring a  hundred  feet  in  length  and  ten  feet  in  diameter,  whose  surface 
was  distinctly  marked  with  their  scars.  Of  this  size  I  have  not  seen  any. 
But  I  have  visited  in  Pennsylvania,  at  the  falls  of  Little  Beaver  River,  a 
sandstone  formation  containing  the  remains  of  a  forest  of  Lepidodendron, 
Stigmariay  Si^Ulariaf  etc.,  where  impressions  of  trunks  are  distinctly  ex- 
posed, sixty  feet  long  (sixteen  to  eighteen  metres),  fifty  cm.  in  diameter, 
with  the  scars  of  the  bark  distinctly  preserved  in  their  minutest  details, 
and  all  exposing  the  same  characters  in  the  whole  length  of  the  stems. 
What  is  known  also  of  the  great  diversity  of  forms  and  sizes  of  the  leaves, 
of  Lepidodendron,  of  their  cones,  and  of  their  blades,  seems  on  the  contrary 
to  show  that  the  number  of  species  described  as  yet  from  the  characters  of 
the  scars  of  the  bark  is  rather  put  too  low  than  too  high. 

The  genus  Lepidodendron  is  as  remarkable  for  its  i)eculiar  distribution 
as  it  is  for  the  great  number  and  the  great  size  of  its  representatives.  In 
the  Paleozoic  times,  immense  forests  of  these  trees  composed  part  of  the 
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vegetation,  coveriDg  as  wide  surfaces  as  are  occupied  by  the  great  forest  of 
conifers  at  the  present  epoch.  Their  remains  have  entered  for  a  great 
part  into  the  components  of  the  coal. 

The  presence  of  the  Lycopodtacea:  has  been  recognized  in  the  old  geological 
formations  as  far  down  as  the  lower  Silurian.  Two  species  of  Pdhphytofif 
Daws  (psiloSf  naked;  phyton,  stem;),  a  genus  related  to  Leptdadendron, 
have  been  found,  the  first,  P.  graeiUimumf  Lesq.,  (pi.  3,  f.  1),  in  the 
Cincinnati  group,  lower  Silurian,  the  second,  P.  cornirfMrn,  Lesq.,  (f.  2), 
in  the  lower  Helderberg  sandstone  of  Michigan.  Fragments  of  the 
species  of  the  same  genus  have  been  discovered  also  in  the  upper 
Silurian  of  Canada.  The  fragments  of  branches  (pi.  3,  f.  7,  8,)  repre- 
senting, by  the  scars  of  their  surface,  plants  related  to  Lepideiidron  or 
SigiUaria  have  been  found  also  in  the  lower  Silurian  of  Ohio.  Hence  the 
family  appears,  by  the  same  kind  of  evidence,  as  old  as  the  ferns  and  the 
Equisetacece. 

Fossil  remains  of  the  Lycopodiaceas  found  in  the  American  coal  meas- 
ures, represent  with  some  species  of  LycopodiieSy  or  true  Lycopods,  the 
following  genera  of  the  Lepidodendrece :  Lepidodendroti  with  their  organs 
of  fructification  Lepidostrobus  and  LepidojJiyUum ;  Ulodendroriy  Knorritiy 
Haloniay  LeptdophloioSy  Cyclodigma  and  fruiting  ^gments,  Lepidocyst/U 
and  SporocystiSy  not  sufiiciently  known  in  their  relation  to  the  plants 
which  they  represent. 

LYCX)P0D1TE8,  Brgt. 

Plants  herbaceous  or  subarborescent ;  leaves  all  of  the  same  form  in 
spiral  order,  or  biform  four  ranked  ;  fructifications  in  small  axillary  tuber- 
cles (macrospores),  either  spread  along  the  stem  or  agglomerated  in  spikes 
at  the  top  of  the  branches. 

Of  the  eight  species  of  the  Lycopodites  known  from  the  North  American 
coal  measures,  one,  L,  Ortoniy  distinctly  represents  the  group  of  the  Sel- 
aginellce  of  the  present  epoch.  Another,  not  yet  published,  L,  simpleXy 
has  a  long,  simple  stem,  linear,  somewhat  flexuous,  five  mill,  broad,  cov- 
ered with  short  lanceolate  sharply  pointed  leaves,  bearing  in  the  axils 
small  round  tubercles.  It  is  closely  related  to  L,  leptostachySy  a  species 
described  from  European  specimens  by  Golderberg.  Another,  L,  arbor- 
escenSy  has  a  primary  stem  three  cm.  in  diameter,  which  divides  nearly  at 
right  angles  into  a  round  branch  only  seven  mm.  broad  with  numerous 
dichotomous  pending  branchlets,  and  short,  ovate,  concave,  lanceolate, 
sub-imbricate  leaves.  Branches  of  this  kind  are  not  very  rare  in  the  coal, 
but  when  found  separate  from  the  primary  stem,  as  they  generally  are, 
they  have  been  considered  as  fragments  of  branches  of  Lepidodendron, 
They  greatly  differ  by  the  concave  leaves,  whose  nerve  is  obsolete  and  the 
stems  without  leaf  scars. 

Lycopoditea  appear  to  follow  in  the  distribution  of  their  species  the 
same  march  as  Lepidodendron,     The  best  known  are  from  the  sub-con- 
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glomerate  measures  of  Pennsylvania  and  from  the  lowest  coal  above  the 
conglomerate  of  Illinois.  One  species  only,  L,  dinctns,  Lesq.,  is  from  an 
upper  coal  bed  near  New  Harmony,  Ind. 


LEPIDODENDRE.E. 


LEPODODENDRON,  .SV. 


Pinte  17.     ( Lepidos,  rjcn.  of  /c/jm,  scales;  dendron^  tree.) 

The  genus  has  the  characters  of  the  Lepidodendrece,  above  described. 
The  species  are  recognized  merely  by  the  leaf-scars  marked  upon  the 
bark  or  surface  of  the  branches  and  trunks.  These  scars,  which  are  the 
remains  of  the  base  of  the  leaves,  are  *  r horn boidal-oblong  or  rbomboidal- 
square  upon  the  small  branches,  and  very  variable  in  si^e.  Generally 
called  bolsters,  when  taken  in  their  whole,  they  bear  in  the  inside,  cicatrices 
or  leaf-scars,  which,  rhomboidal,  enlarged  on  the  sides,  are  dotted  in  the 
middle  by  three  points  (vascular  scars),  and  generally  have  under  the  lower 
lK)rder  two  small  oval  tubercles,  cicatrices  of  bundles  of  vessels,  named 
appendages,  and  placed  on  each  side  of  a  medial  Hue  (caw<fa,  tail),  which, 
like  the  apj>endages,  is  more  or  less  distinct,  sometimes  deep  and  wrinkled 
across,  sometimes  obsolete.  PI.  17,  f.  6,  represents  distinctly  these  differ- 
ent organs. 

Little  Is  known  of  the  internal  structure  of  Lepidodendro7i,  One  silicified 
species,  L.  Haramrti^  has  been  described  by  Brongniart  from  microscop- 
ical analysis  of  its  internal  tissue.  Its  characters  have  been  found  analo- 
gous to  those  of  some  Injcopod^  of  the  pre^nt  epoch,  Psilohim  and 
Tmesipteris.  Another  species,  Lpvasctdare,  has  shown  the  structure  of 
SigUlaria. 

The  roots  of  these  trees  are  not  positively  known.  Some  authors  con- 
sider Stigmaria  as  roots  of  Lepidodendron  and  Sigillaria, 

A  subdivision  of  Lepidodendrm  into  different  genera  has  been  proposed 
by  some  European  authors,  based* upon  the  relative  position  of  the  bolsters 
and  the  mode  of  attachment  of  the  leavef?,  either  toward  the  top,  or  the 
middle  of  the  cicatrices.  As  these  characters  are  unreliable,  this  classifi- 
cation especially  followed  by  Sternberg  and  Golden  berg  has  been  alwn- 
doned. 

Of  more  than  forty  species  of  Lepidodendron  known  from  American 
specimens,  I  merely  describe  a  few  of  the  more  temarkable  ones,  in  order 
to  show  on  what  kind  of  characters  are  based  the  specific  determinations. 
The  essential  groups  are  represented  upon  plate  17. 
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i.     Bolsters  ovate  or  ahovaJtey  angular  on  the  sides  or  not, 
L.  DI8TAN8,  Lesq. 

PUUe  17,  fii.  7. 

Bolsters  or  cicatrices  distant,  *ovate,  narrowed  upward  and  downward 
about  in  the  same  degree,  rounded  on  the  sides ;  leaf-scars  rhomboidal, 
with  equal  sifles ;.  vascular  points,  appendages  and  cauda  very  distinct ; 
space  between  the  scars  narrowly  wrinkled  lengthwise. 

To  this  group  belong  a  number  of  species.  L.  obovatumy  which  has  the 
same  characters,  but  the  lobes  contiguous,  as  are  those  of  fig.  6.  L.  mod* 
tilatumj  whose  cicatrices  are  bordered  by  a  deep  undulate  groove  which 
appears  upon  the  impressions  like  a  half  round  regularly  deeply  wrinkled 
margin.  In  these  species  the  leaf  scars  are  placed  low,  nearer  to  the 
middle.  L.  diehotomum,  St.  pi.  17,  f.  16.,  represented  by  a  large  num- 
ber of  varieties,  among  them  L.  obomtum,  L.  graeUey  etc.  It  is  the  most 
common  of  the  genus. 

2.  Bolsters  "^rrow,  acute  or  acumhuxte  cU  both  ovds,  angular  on  the  sides, 
leaf-scars  enlarged  sideivardy  but  not  reaching  to  (he  borders;  vascular  points^ 
appendages  and  cauda  distinct. 

L.  ACULEATUM,  St. 

Plate  17,  /.  6. 

Characters  as  above. 

The  difference  in  the  place  of  the  leaf-scars,  either  in  the  middle  of  the 
cicatrices  or  in  the  upper  part  and  m  their  forms  dlso,  serve  as  charac- 
ters for  the  determmation  of  the  species  of  this  group. 

3.  Bolsters  still  longer  and  narrower y  either  contiguous  or  separated  by  a 
narrow  space;  leaf -scars  in  the  midcUe  generally  protninenty  appendages  and 
Cauda  none. 

L.  RIM08UM,  St. 
Plate  17,  /.  3. 

Leaf  scars  unequally  rhomboidal,  more  rounded  on  the  lower  side, 
comparatively  very  small.  The  group  has  few  species  or  perhaps  only 
the  one  figured. 

4.  Bolsters  broadly  ovate;  leaf-scars  in  the  upper  party  as  broad  as  the  space 
between  the  borderSy  transversely  ovid;  vascular  scars  very  distinct;  appendages 
none;  cauda  marked  by  transverse  ujrinkles  filling  His  base  of  ike  bolsters. 

To  this  group  belong  L.  BriUsiiy  Lesq.,  pi.  17,  f  4  a,  4b,  L.  WorthenU 
and  the  European  L.  VoUcmannianumy  which  is  considered  there  as  one  of 
the  species  limited  in  its  distribution  to  the  Culm  or  sub-carboniferous. 
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Of  the  two  species  named  above,  the  first  has  been  found  at  Clinton,  Mo., 
in  the  lower  coal  above  the  conglomerate,  the  second  is  sub-carboniferous, 
or  of  the  horizon  of  the  Chester  limestone.  This  species  should  be  present 
in  the  Whetstone  of  Indiana. 

5.  Bolsters  ovaUy  rhemboidal;  leaf-scars  broody  rounded  ahove^  svbtruneaie 
at  hose;  vasetdar  scars  and  cavda  distinct;  appendages  none;  cicatrices  of  the 
decorticated  surface  rhomboidal  qmdrangvlar. 

L.    DIPLOTEGIOIDES,  Lesq, 
PlaU  17,  /.  5. 

A  peculiar  species  of  the  sub-conglomerate  of  Arkansas. 

With  L,  dichotomum,  the  most  common  species  of  the  genus  is  L.  VeU- 
heimianumy  St.,  which,  more  generally  present  in  the  sub-conglomerate,  has 
however,  been  found  in  the  upper  strata  of  the  coal  measures,  even 
according  to  Goeppert  in  the  lower  Permian.  The  species  is  difficult  to 
determine  and  very  variable.  Its  more  marked  character  is  the  position 
of  the  broad  leaf  scars  in  the  middle  of  the  bolsters,  whose  borders  are 
continued  in  the  form  of  an  S,  with  more  or  less  deep  undulations.  The 
appendages,  vascular  points  and  cauda  are  more  or  le^s  distinct;  the  bol- 
sters are  short  or  long,  either  contiguous  or  separated  by  a  narrow  space  or 
flat  border ;  the  leaf^scars  are  transversely  spindle-shaped,  the  upper  part 
convex,  the  lower  obconical. 

A  form  which  has  been  considered  by  some  authors  as  a  variety  of  this 
last  species  is  L,  dypeatuniy  Lesq.  Its  cicatrices  are  irregularly  rhom- 
boidal,  nearly  as  broad  as  long  with  the  sides  obtuse,  unequilateral,  and 
the  leaf-scars  transversely  rhomboidal,  large.  This  species,  though  ex- 
tremely variable,  is  distinct,  not  only  by  the  unequilateral  twisted  shape 
of  the  bobters,  but  also  by  its  distribution,  which  is  mostly  with  the  first 
coal  above  the  conglomerate,  though  some  specimens  have  been  found  in 
the  sub-conglomerate  coal  measures. 

LEPIDOSTROBUS,  Brgt. 

Plait  16,  /.  6,  7,  8 ;  jAaie  17,  /  2. 

The  strobiles  or  fruit-bearing  cones  of  Lepidodendron  have  been  con- 
sidered above  in  their  mode  of  organization.  Their  form  is  gen- 
erally cylindrical,  conical,  acute  or  rounded  at  the  top.  They  greatly 
difler  in  their  length  and  size,  from  two  to  three  cm.  long  and 
less  than  one  cm.  broad,  to  forty  to  fifty  cm.  long  and  four  to  five 
cm.  broad.  The  characters  serving  to  determine  them  specifically  are 
&r  more  diversified,  reliable  and  persistent  than  those  of  Lepidoden- 
dron. They  are  taken  not  merely  from  the  size  and  shape  of  the  strobiles, 
6— Geol. 
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but  especially  from  the  form  of  the  blades  or  bracto  of  the  sporangio- 
phores,  the  form  and  mode  of  attachmeut  of  the  sporauges,  their  direc- 
tion, either  oblique  or  in  right  angles,  etc.  However,  there  is  often  some 
difficulty  in  ascertaining  the  characters  of  the  blades  and  the  sporangee 
when  tlie  cones  preserved  in  their  integrity  are  flattened  by  compression. 
And  when  they  are  broken  in  parts,  either  showing  the  sporauges  and  the 
blades  in  circular  rows  as  in  pi.  16,  f.  8,  or  disseminated  and  separated 
from  their  supports  as  in  pi.  16,  f.  9-11,  the  shape  and  size  of  the  cones 
often  remain  uncertain.  It  has,  therefore,  been  advisable  to  separate  the 
organs  according  to  their  degree  of  preservation.  The  genus  Lepidmtrobus 
represents  the  entirely  preserved  cones  of  Lepvdodendron,  or  such  part  of 
the  strobiles  well  preserved  enough  to  show  their  shape  and  size,  while  in 
the  geujus  Lepidophyllum  (phyllonj  leaf)  are  described  merely  the  leaves  of 
Lepidodetidrony  and  especially  the  blades  of  their  coni^,  pi.  16,  f.  9, 10, 11. 
The  more  interesting  or  more  common  sjjecies  of  LepidoHtrob^is  found  in 
the  coal  measures  of  North  America  are : 


L.  GOLDENBEKGH,  ScJip. 

Strobiles  very  large,  cylindrical,  thirty-three  cm.  iong,  four  and  one- 
half  cm.  broad ;  blades  or  bracts  broadly  lanceolate,  acuminate,  two  and 
one-half  cm.  long,  four  to  five  mill,  broad,  half  open,  curved  inward. 


L.  PRiELONGUS,  Le«q. 

Spikes  narrow,  cylindrical,  very  long,  seventy  cm.  or  more;  sporanges 
inclined  upward,  blades  narrow,  linear  or  lanceolate-acuminate. 


L.  HA8TATU8,    Lesq. 

Plate  17,/.  2. 

Strobile  conical,  short;  blades  lanceolate-acuminate,  enlarged,  hastate 
at  base,  as  in  pi.  16,  f,  9,  which  is  Lepidophyllum  hadatum,  or  the  detached 
blade  of  this  strobile. 

L.  8PECTABILIS,  IjeAq. 

Cone  linear-oblong,  rounded  at  base,  obtuse  at  the  top,  sporanges  long, 
at  right  angles  to  the  axis;  blades  short,  narrowly  lanceolate-acuminate, 
appressed  and  closely  imbricate.  A  b^udful  cone  fbrty  cm.  long,  five 
broad  in  the  middle.  The  European  L,  variabilis  is  of  the  same  type,  but 
much  smaller. 
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L.  OBLONGiFOLiUB,  Lesq, 

Pfate  16./.  8. 

Strobiles  with  a  broad  axis;  sporanges  short,  cuneiform,  acumiDate  at 
base;  blades  large,  oblong-lanceolate  to  the  acute  or  obtuse  apex. 


L.  ORNATiTS,  Park 
Pfate  16,/.  6,  7. 

Strobiles  small;  blades  short,  broadly  lanceolate-acuminate,  closely  im- 
bricate, appressed,  coriaceous,  convex  and  carinate  on  the  back  by  the 
thick  medial  nerve.  The  point  of  attachment  to  the  sporanges  b  large 
rhomboidal  and  equilateral.  The  cones  of  this  character  discovered  in  the 
N.  American  coal  measures,  are  larger  than  those  figured  from  European 
specimens. 

A  group  of  cones  of  Lepidostrobm  type  which  I  have  separated  under 
the  name  of  MacrocydiSy  have  long  strobiles,  large  sporanges  jomed  to  the 
axis  by  their  base  without  either  sporangiophores  ,<j)r  bracts;  pedicels 
none,  or  very  short ;  sporanges  filled  with  macrospores  attached  around  a 
central  axis. 

These  strobiles  were  extremely  long,  their  sporanges  oblong,  obtuse  at 
the  outside  or  bladder-like,  of  various  size  and  shape.  A  number  of  species 
are  described  with  figures  in  the  U.  S.  coal  flora.  When  detached,  these 
sporanges  have  been  sometimes  taken  for  and  described  as  fruits  (^Carpo- 
lithes). 

LEPIDOPHYLLUM,  BrgL 

As  representing  blades  or  bracts  of  strobiles  of  Leptdodendron^  the  de- 
scriptions of  species  of  LepidophyUum  relate  to  their  form  and  size.  But  of 
course  the  species  are  hypothetical,  for  the  blades  found  separate  from  the 
cones  may  belong  to  strobiles  already  described  as  Lepidodrobus.  Speci- 
mens of  LepidophyUum  are  much  oftener  found  than  those  of  entire  well 
preserved  cones,  and  generally  they  are  found  spread  together  in  numbers 
upon  the  shales.  From  this,  the  persistence  of  their  characters  may  be 
surmised,  as  generally  the  shales  or  specimens  obtained  at  the  same  place 
bear  only  blades  and  sporanges  of  one  distinct  form  identical  in  shape  and 
size.  Some  of  the  species  of  LepidophyUum  have  been  described  or  men- 
tioned above  in  considering  the  genus  Lepidodrobus,  They  are  %ured  pi. 
16,  f.  9,  10,  11.  But  there  is  another  group  of  species  of  this  kind,  all  of 
much  larger -size,  with  blades  seven  to  ten  cm.  long,  twelve  to  sixteen  mill, 
broad,  which  pertain  to  cones  of  LepidajfMmoay  and  will  be  examined  with 
the  genus. 
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ULODENDRON,  U,  and  Butt. 

(Ulo8,  wood — forest.) 

Plate  18,  /.  2,  3. 

Stem  arborescent,  rarely  branching,  bearing  in  alternate  or  opposite 
rows,  large  round  or  oval  cicatrices,  impressions  of  the  base  of  sessile  cones, 
marked  with  concentrical  impressions  of  scales  around  a  central  axis  and 
short,  lanceolate  leaves,  which,  early  falling  off,  have  left,  as  scars  of  their 
points  of  attachment,  rhomboidal  oblong  or  oval  small  bolsters,  disposed 
in  spiral  like  those  of  Lepidodendron ;  fructifications  in  long,  cylindrical 
strobiles. 

The  affinity  of  Ulodendron  with  Lepidodendron  is  so  well  marked 
that  some  authors  have  not  separated  the  genera,  though  legitimate  the 
separation  may  appear.  The  trunks  of  Uhdendron  seem  to  have  been 
simple  or  rarely  ramified,  like  those  of  SigHlaria ;  the  leaf-scars  are  scarcely 
variable  in  size  or  not  much  larger  upon  trunks  of  great  size,  for  the  bark 
is  not  expansible  as  in  Lepidodendron^  but  splits  lengthwise  by  the  enlarg- 
ing of  the  trunks,  and  the  intervals  between  the  borders  of  the  scars  are 
filled  by  woody  excrescences  which,  sometimes,  widen  laterally  and  cover 
part  of  the  bark  and  its  scars.  To  these  differences  may  be  added  the 
fact  that  the  leaves  of  Ulodendrmi  are  very  rarely  seen.  I  have  not  yet 
been  able  to  find  any  one  attached  to  the  stem. 

The  large  disks  placed  in  vertical  series  and  supposed  to  be  scars  of 
cones,  are  variable  in  size,  increasing  in  width  with  the  growth  of 
the  trees.  No  kind  of  organism  has  been  found  attached  to  trunks 
of  Ulodendron  which  might  explain  the  origin  of  these  scars.  Some 
paleontologists  consider  them  as  supports  or  cicatrices  of  a  strobiliform 
inflorescence,  or  of  cones  of  fructification  produced  upon  young  stems 
and  easily  detached.  Others,  among  them  Brongniart,  regard  them 
as  cicatrices  of  conical  tubercles  covered  with  leaf-scars  as  are  those  of 
Halonia,  The  first  opinion  appears  more  probable,  and  is  more  gene- 
rally admitted,  but  some  American  specimens  have  been  found  which 
give  the  same  degree  of  authority  to  both  assertions,  showing  that  if,  in 
some  cases,  those  large  impressions  are  the  scars  of  small  fruiting  organs 
like  strobiles,  they  represent  in  some  others  the  abortive  buds  of  branches. 
The  question  is  discussed  in  the  **  United  States  Coal  Flora,"  pp.  399 
and  400. 

Six  species  of  Ulodendron  have  been  described  from  American  speci- 
mens. Their  range  of  distribution  is  the  same  as  that  of  species  of  Lep- 
idodendron,    The  more  distinctly  characterized  aro  the  following : 

U.   MAJUS,  Lf,  (fe  Hutt. 

Stem  large,  bolsters  rhomboidal,  peltate  or  angular  at  the  apex,  the 
lower  half  round ;  inside  scars  transversely  oval,  marked  in  the  middle 
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by  three  vascular  points ;  disks  of  strobiles  large,  round,  generally  umbo- 
nate  in  the  middle,  about  one  cm.  distant,  transversely,  six  to  seven  mill, 
vertically.     The  scars  of  the  base  of  the  strobiles  are  slightly  excentrical. 

U.  MINUS,  Li,  &  HvU. 

Plate  18,  /.  3. 

Stems  of  small  size;  disks  circular,  close;  leaf  scars  smaU,  convex, 
rhomboidal,  marked  at  the  basilar  angle  by  a  short  vertical  line.  This 
species  b  generally  found  in  the  subconglomerate  measures. 

U.  ELONGATUM,  Le9q. 

Pfa/«18,/.  2. 

Leaf  scars  distinctly  rhomboidal,  twice  as  long  as  broad,  acute  at  both 
€nds,  bordered  with  a  fiat,  smooth  margin ;  inside  scars  exactly  central, 
«mall,  rhomboidal,  elongated  and  narrowed  sideward ;  disks  oval,  large, 
distant,  pitted  or  rugose  inside ;  axis  central  and  uml^nate.  This  species 
with  U.  Mipticum^  Lesq.,  a  closely  allied  one,  is  not  rare  in  the  first  coal 
above  the  conglomerate. 

U.  PUNCTATUM,  12.  &  HvU. 

Leaf  scars  punctiform  in  corticated  specimens  and  disposed  in  quin- 
€unxial  order ;  disks  very  large  and  distant,  oval,  marked  with  deep  lines 
or  striae,  radiating  toward  the  borders  from  an  excentrical  protuberance. 

The  disks  of  thb  species  are  very  large,  sometimes  as  long  as  fourteen 
cm.,  and  ten  cm.  broad;  the  excentrical  axis  is  a  protuberance  having 
rather  the  appearance  of  the  base  of  a  broken  branch  than  that  of  the  cic- 
atrice of  the  base  of  a  strobile.  But  aU  the  scars  -have  the  same  kind 
of  excentrical  protuberances  and  it  is  not  well  possible  to  explain  how  all 
these  cicatrices,  if  they  were  those  of  broken  branches,  could  have  exactly 
the  same  form  and  size.  The  species  is  mostly  found  in  the  conglomerate 
sandstone. 

New  discoveries  concerning  these  large  disks  of  Uhdmdnm  rather  tend 
to  increase  the  uncertainty  concerning  their  true  natures  than  to  clear  it 
A  large  trunk,  examined  upon  the  roof  of  a  tunnel  in  a  mine  of  Pennsyl- 
vania, shows  two  rows  of  alternate  disks,  one  of  them  composed  of  disks 
twice  as  large  as  those  of  the  other,  but  of  the  same  form,  the  large  ones 
fifteen  cm.  long,  ten  broad ;  the  small  only  five  cm.  long  and  two  broad. 
Of  course  such  difierences  can  not  be  caused  by  maceration  and  compres- 
sion. 
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KNORRIA,  SL 

Plate  19,  /  7,  8. 

Trunks  covered  with  elongated,  semi-couical  or  truncate  tubercles  p]ace<f 
in  spiral  order,  more  or  less  closely  imbricated,  leaving,  after  falling  off, 
round,  convex  marks,  with  a  single  vascular  scar  or  point  in  the  middle;, 
leaves  long,  linear,  more  or  less  inflated  at  the  base,  medial  nerve  flat. 

Until  now  the  only  specimens  I  have  seen  referable  to  this  genus  are 
decorticated  or  obscure  fragments  covered  with  the  persistent  base  of  the 
leaves,  as  in  f.  8,  or  with  short,  either  broad,  obtuse,  or  narrow,  circular 
leaves  or  impressions.  Some  authors  do  not  consider  as  reliable  or  per- 
sistent the  characters  which  separate  Knorria  from  Lepidodendrmi  and  have 
identified  some  so-called  species  of  Knorria  as  a  decorticated  state  of  Lep- 
idodendmn  Veliheimianum.  Impressions  of  that  kind  are  also  sometimes 
remarked  upon  the  decorticated  surface  of  trunks  of  SigUlarla  monodigma. 
But  these  deformations  are  casual,  while  the  characters  of  Knorria  are 
traceable  through  the  successive  layers  of  the  bark.  Of  this  kind  one 
species  only  is  described  here  from  American  si)ecimens: 

Knorria  imbricata,  St. 

PkUe  19,  /.  7,  8. 

Tubercles  of  the  trunks  semi-cylindrical,  conical,  truncate  or  obtuse^ 
those  of  the  branches  small,  papilliform,  closely  imbricate. 

A  number  of  European  species  are  all,  more  or  less,  distinctly  referable 
to  this.  Among  others,  K  aeievlaru,  Goepp.,  whose  scars  are  cylindrical, 
about  one  cm.  long,  only  two  mm.  thick.  Upon  the  same  flattened  spe- 
cimen I  have  seen,  on  the  upper  part,  the  scars  exactly  of  the  above  de- 
scription, while  on  the  lower  face  of  the  branch,  they  were  more  enlarged,, 
convex  like  those  of  K  Schrammiana^  a  species  also  of  Goeppert,  and  on 
one  side  they  were  effaced  into  round  scars  like  those  of  a  small  kind  of 
SHgmarla  described  by  the  same  author  under  the  generic  name  of  Ancid- 
trophyllum.  Specimens  of  Knorria  have  been  found  mostly  in  the  sub- 
conglomerate  coal  measures  and  immediately  above  the  conglomerate. 

HALONIA,  U.  &  HuU, 
Pfa/«  18,/.  1,  4. 

Stems  of  medium  size,  (lichotomous ;  surface  of  the  bark  tuberculate ; 
space  intermediate  to  the  tubercles  marked  with  rhomboidal  bolsters; 
decorticated  surface  covered  with  punctiforra  round  or  oval  papDlsa,  obtuse 
or  perforated  in  the  center,  placed  in  spiral  order. 

There  is,  upon  the  nature  of  the  different  kinds  of  cicatrices  marked  upoi^ 
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*the8e  trunks,  the  same  uncertainty  as  for  those  of  Ulodendron,  The  large 
tubercles,  pi.  18,  f.  4,  placed  in  quincunxial  order,  either  flattened  or 
hollow  at  the  top,  or  entirely  covered  with  scars  of  scales  or  of  leaves  and 
x)btuse  at  top  without  traces  of  perforation,  have  been  considered  by 
some  authors  as  the  inflated  base  of  leaves,  and  the  intermediate  surface 
^cars  as  marking  the  point  of  attachment  of  scales.  But  it  is  not  possible 
to  admit  that  leaves  were  placed  at  the  top  of  tubercles  sometimes  very 
large,  while  intermediate  rhomboidal  scars,  like  those  of  Ulodendron,  are 
.seen,  f.  4,  covering  the  large  tubercles  even  to  the  top.  Discussing  the 
matter  and  the  opinions  of  authors  in  **  United  States  Coal  Flora,"  pp. 
409-418,  and  having,  for  examination  of  this  genus,  American  specimens 
better  preserved  than  any  found  in  Europe,  I  have  considered  the  large 
tubercles  of  ffcdonia  as  mere  adventive  or  undeveloped  buds  of  branches, 
and  the  intermediate  surface  cicatrices  as  leaf-scars. 

All  the  American  specimens  referable  to  this  genus  have  been  procured 
in  the  low  coal  measures,  either  below,  or  within,  or  just  above  the  con- 
glomerate. 

H.    TUBERCULATA,    Bvgt. 

P/ate  18,/.  4. 

Tubercles  large  in  quincunxial  order,  button  like,  conical-obtuse,  open,. 
Irregularly  deeply  hollowed  at  the  top,  or  more  acute,  entire  or  closed ; 
leaf  scars  transversely  rhomboidal,  marked  in  the  center  by  a  punctiform 
vascular  scar;  decorticated  surface  punctate. 

H.  TORTUOSA,  Schp, 

Stems  small ;  tubercles  in  quincunxial  order  or  alternate  in  vertical 
rows,  variable  in  distance,  small,  half  globular,  marked  in  the  middle  by 
a  large  vascular  point;  intermediate  scars  transversely  rhomboidal; 
-decorticated  surface  marked  by  small  ix)und  papiUse. 

The  specimen  is  flattened ;  the  tubercles  of  the  upper  face  are  close,  in 
two  rows  nearly  in  the  middle,  while  on  the  lower  more  flattened  &ce, 
there  are  also  two  rows  of  the  same  kind  of  tubercles,  but  distant, 
placed  along  and  close  to  the  borders,  as  if  the  stems  had  been  creeping 
4Uid  the  scars  forced  outside.  This  specimen  seems  to  represent  a  creep- 
ing rhizoma. 

H.    FLEXU08A,    Oold. 

Plate  18.  /.  1. 

Tubercles  distant,  inflated,  ^lat^ral  and  alternate;  leaf-scars  of  the  cor- 
ticated sur&ce  vertically  rhomboidal  (as  figured  by  the  author) ;  those 
under  the  cortex  are  ovate,  acute,  small  papillse,  marked  with  a  distinct 
vascular  point 


Digitized  by 


Google 


88  PRINCIPLES   OF   PALEOZOIC   BOTANY. 

As  seen  on  the  figures,  the  large  tubercles  placed  on  the  sides  give  to  the 
branches  a  flexuous  form.  They  are  covered  with  leaf  scars  to  the  apex. 
Found  in  the  middle  coal  measures. 

H.  PULCHELLA,  Lcsq, 

Branches  small,  cylindrical;  scars  small,  hemispherical,  close,  in  spiral 
order. 

A  very  small  branch,  a  little  more  than  one  cm.  in  diameter;  found  in 
the  sulH5onglomerate  coal  of  Arkansas. 

H.  SECRETA,  Lesqx. 

Stem  of  medium  size;  tubercles  in  regular  spiral  order,  equidistant,, 
transversely  oval,  covered  with  a  thin  hard  convex  smooth  cortex; 
sub-cortical  scars  rhomboidal-oval,  inflated  at  the  borders,  marked  in  the 
central  narrow  depressions  by  three  round  vascular  points  placed  in  hori- 
zontal  series  as  in  Lepidodendron ;  surface  of  the  stem  smooth. 

A  very  peculiar  species,  described  from  a  remarkably  well  preserved 
specimen  four  and  one  half  cm.  broad,  which,  originally  cylindrical,  has 
been  flattened  by  compression.  All  the  scars  marked  upon  the  surface  are 
somewhat  convex  and  transversely  oval,  the  convex  part  being  a  thin  but  ■ 
very  hard,  smooth  crust,  covering  deep  cavities  at  the  bottom  of  which 
are  seen  the  true  leaf  scars  distinctly  marked  by  the  three  vascular  points 
described  above.  This  specimen  shows  better  than  any  other  of  thi* 
genus  that  these  tubercles  represent  undeveloped  or  adventive  organs, 
either  leaves  or  branches.  In  this  case  the  distribution  of  the  vascular 
scars  indicates  them  as  leaves. 

LEPIDOPHLOIOS,  St. 
Plate  18,  /.  6-8. 

Stems  arborescent,  erect,  with  four-ranked  branches  disposed  in  spiral 
order;  leaves  coriaceous,  linear,  long  and  narrow,  with  a  thick 'medial 
nerve  attached  at  base  to  thick  sub-erect  or  recurved  bolsters  inflated  in 
the  upper  part,  dotted  under  the  leaf-scars  by  a  small  mammilla.  Are- 
oles  transversely  rhomboidal,  marked  horizontally  by  three  vascular  aear» 
minutely  papillose  under  the  cortex. 

The  figures  made  from  American  specimens  do  not  give  a  just  repre- 
sentation of  the  surface  characters  of  the  plants.  The  leaves  were  appar- 
ently produced  upon  long  inflated  bladder-like  supports,  which,  by  compres- 
sion, have  been  curved  back  and  flattened.  At  least  this  is  surmised  from 
the  large  beautiful  specimens  which  have  been  fouud  in  Europe  and  have 
been  described  and  figured  by  Golderberg.     In   these  specimens,  the 
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branches  are  horizontal,  the  scales  or  base  of  the  leaves  on  the  branches 
on  both  sides  are  flattened,  so  that  the  leaf-scars  are  turned  toward  the 
stem,  and  those  upon  the  stem  toward  the  base,  and  therefore,  to  be 
right  to  nature,  the  fragment  of  bark  represented  (pL  18,  f.  5),  should  be 
overturned.  The  leaves  were  like  those  of  Lejpidodendron.  I  h^ve  seen 
only  short  fragments  upon  a  broken  stem  of  one  species.  They  are  rarely 
found  still  attached  to  the  branches ;  even  the  stems  with  these  scars  ai^ 
very  rare.  Tlie  fructifications  are  like  those  of  Lepidodendron^  in  sporanges 
fixed  to  large  strobiles  by  the  base,  with  sporangiophores  enlarged  outside 
into  large  oblong  lanceolate  blades,  as  in  Lepidophyllum  cumminaiumf 
Lesq.,  (pi.  18,  f.  6).  These  large  species  of  LepidophyUurriy  of  which  there 
are  many,  have  not  yet  been  seen  in  connection  with  strobiles.  But  frag- 
ments of  very  large  cones,  twenty  cm.  in  diameter  or  more,  have  been 
found  at  Cannelton,  covered  with  scaly-form  leaves  like  those  of  pi.  18, 
f.  7,  under  which  are  large  appressed  glomerules  of  raacrospores,  at  least 
twice  as  long  and  as  thick,  like  those  of  f.  8.  These  agglomerations  do 
not  seem  to  be  enclosed  in  sporanges;  they  appear  merely  covered 
by  the  bracts*.  There  is  still  a  great  deal  of  uncertainty  about  the  true 
nature  of  these  plants,  which,  however,  are  evidently  referable  to  the  Ly- 
<opodiace(F  by  the  characters  of  the  fructifications  and  the  cicatrices  of  their 
bark. 

The  more  interesting  species  described  of  this  genus  from  American 
«pecimens,  and  mostly  known  by  the  scars  of  the  surface,  are  the  follow- 
ing. 

L.  CRASsicAULis,  Corda, 

Bolsters  elongated,  persistent,  imbricated  (a  character  common  to  most 
of  the  species) ;  leaves  linear-acute,  cariuate  on  both  sides,  and  by  trans- 
verse section,  rhomboidal  or  inflated  in  the  middle  and  alate  on  the  bor- 
•ders;  leaf-scars  rhomboidal,  narrowed  and  elongated  to  the  base.  The  pith 
or  medullar  cylinder  of  this  species,  and  perhaps  of  other  species  of  Lepi- 
dopJUoios  is  woody  and  transversely  ribbed  like  that  of  species  of  Cordaites. 
It  is  generally  known  under  the  name  of  Artma,  Its  habitat  is  in  the 
first  coal  above*the  conglomerate. 

L.  AURICULATU8,  Ijesq, 

Bolsters  very  large,  thick,  broadly  rhomboidal,  rounded  both  in  the 
upper  and  lower  part,  imbricated  on  the  borders,  polb»hed;  leaf  scars 
transversely  narrowly  rhomboidal  and  acuminate  on  the  sides,  obtuse  at 
the  top,  angular  at  the  base.  The  bolsters  are  as  large  as  three  cm.  lat- 
erally and  two  and  a  half  cm.  vertically.  I  found  this  beautiful  species 
at  St.  John,  Illinois,  with  numerous  specimens  of  Ijepidophyllum  acumino' 
tuMy  Lesq.,  pi.  18,  f.  6. 
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L.  MACROLEPIDOTU8,  Oold, 

Piatt  18,/.  5. 

Bolsters  imbricating  at  base,  somewhat  tumescent,  obtusely  curved  om 
the  sides,  raammillate  in  the  middle ;  leaf-scars  transversely  rhomboidal^ 
rounded  on  the  upper  side,  nearly  truncate  on  the  lower ;  vascular  scars- 
three,  the  middle  larger  and  placed  a  little  lower.  This  species,  which 
has  been  found  at  Grape  Creek,  on  the  limits  of  Indiana  and  Illinois, 
greatly  resembles  L,  laricimts,  which  has  bolsters  and  leaf  scars  much 
smaller,  and  which  has  been  found  at  divers  localities  at  the  horizon  of 
the  conglomerate  or  below,  as  far  down  as  the  Chester  limestone. 

CYCLOSTIGMA,  Haught, 

Stems  arborescent ;  surface  of  the  bark  covered  with  small  sub-globose^ 
or  conical  acute  tubercles  placed  at  a  short  distance,  about  one  cm.,, 
topped  by  a  vascular  prominent  point  or  flattened  at  the  apex  into  small 
roimd  areoles  with  a  medial  vascular  point ;  decorticated  surface  smooth 
or  obscurely  striate  lengthwise  by  the  series  of  tubercles,  which,  under  the 
bark,  are  oval,  elevated  at  the  upper  part  and,  gradually  efiaced  in  decur- 
ring  downward,  like  the  base  of  leaves  of  Knoni/a,  and  preserving  the 
impressions  of  the  vascular  scars. 

The  only  specimens  of  this  kind  found  in  the  American  coal  measures 
are  referable  to  C.  KUtorkense,  Haught. ,  which  answers  by  its  characters  to 
the  description  of  the  genus.  These  specimens  were  found  at  the  base  of 
the  middle  coal  measures  near  Peoria,  Illinois.  Plants  of  this  kind  are 
common  in  the  old  red  sandstone  of  England,  and  also  in  the  coal  measures 
of  Bear  Island,  where,  associated  with  Bomia  radiata^  Lepidodendron 
Vdtheimianum,  species  of  Knorria  and  of  ArchcMpteris,  they  indicate  the^ 
age  of  the  formation  as  sub-carboniferous. 

SIGILLARIE^. 

Trees  of  large  size;  trunks  simple  or  forking  near  the  apex,  either 
smooth  or  longitudinally  ribl)ed  or  furrowed,  marked  by  leaf-scars  (areoles) 
of  various  forms,  disposed  in  spiral  or  quiucunxial  order;  leaves  linear >. 
grass-like,  triplicate,  simple  nerved  ;  radicular  divisions  (Stigmaria)  thick,, 
dichotomous,  horizontally  expanded,  bearing  long  linear  simple  cylindrical 
fistulose  leaves  or  rootlets,  flattened  by  compres.sion,  more  or  less  regularly 
disposed  in  spiral  order,  leaving  as  scars  of  their  points  of  attachment,, 
exactly  circular  areoles  with  a  central  vascular  round  point. 

The  internal  structure  of  the  plants  of  this  family  is  as  yet  little  known^ 
The  phytopaleontologists  who  have  in  France  and  in  England  studied  the: 
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texture  of  the  wood  by  slides  prepared  of  silcified  specimens,  do  not  agree 
•in  their  definition  of  the  essential  characters,  the  first  considering  the  struct- 
ure as  analogous  to  that  of  the  Dicotyledonous  gymnospermSy  the  second  to 
that  of  the  Lycopodiacea.  It  is  not  advisable  to  discuss  the  question  now, 
^especially  for  the  reason  that  we  have  not  as  yet  discovered  in  the  Ameri* 
4SBLn  coal  measures  any  silicified  remains  of  these  plants,  and  are  unable  to 
study  their  structure.  Considering  what  is  known  from  outside  characters, 
leaves,  the  scars  of  their  points  of  attachment,  it  is  evident  that  the  relation 
of  the  SigUlariefe  is  with  the  Lepidodendron.  Their  external  conformation 
is  the  same,  and  by  their  large  size  and  the  great  number  of  their  species, 
they  fill  in  the  formation  of  the  coal,  the  same  part  as  the  other  kinds  of 
Lycopodiaceous  trees. 

Species  of  SigUlaria  are  distributed  through  the  whole  thickness  of  the 
Oarboniferous.  Rarely  found  in  the  lower  strata  they  become  more  abun- 
<dant  in  the  middle  and  upper  part  of  the  coal  measures.  Of  this  family 
-we  have  only  the  two  genera;  SigiUanay  and  the  appendages  considered  as 
their  roots,  SHgmaria. 

8IG1LLARIA,  Brgt. 

PlaU  20. 

The  essential  characters  of  the  genus  are  the  same  as  those  of  the  family 
described  above.  The  areoles  are  extremely  variable  in  size  and  form, 
round,  oval,  truncate,  emargiuate,  hexagonal,  transversely  rhomboidal, 
either  in  vertical  series  upon  trunks  costate  lengthwise,  or  upon  smooth  or 
variously  rugose  surfaces  not  costate,  where  they  are  spirally  placed  in 
juxtaposition  or  at  more  or  less  distance.  They  are  always  marked,  either 
in  the  center,  or  more  generally  in  the  upper  part,  with  three  small  vascu- 
lar cicatrices,  one  simple  medial  punciiform,  the  two  others  lateral  and 
vertical,  semilunar  or  linear.  The  species  of  this  genus  are  very  numerous, 
more  than  fifty  are  described  from  the  American  coal  measures. 

In  order  to  fiicilitate  their  determination,  they  have  been  distributed  in 
•groups  from  their  afiinity  in  the  disposition,  shape  and  place  of  the  leaf- 
Oscars  or  areoles  as  follows: 

1.  Trunks  not  c*ostate ;  areoles  more  or  less  distant,  not  contiguous. 
PI.  20,  f.  6. 

2.  Trunks  not  costate ;  areoles  close ;  contiguous.     PI.  20,  f.  7. 

3.  Trunks  costate ;  ribs  not  large,  simple ;  areoles  close,  nearly  con- 
tiguous at  base,  or  more  distant,  discoid  or  ovate.     PI.  20,  f  3-5. 

4.  Ribs  hirge,  generally  divided  in  three  zones.     PI.  20,  f.  1,2. 

'  In  the  first  section  the  more  common  species  is  &  ckliqua^  Brgt.,  with 
•surfiice  smooth,  areoles  one  to  two  cm.  distant,  oblique  rhomboidal,  pro- 
longed and  obtuse  downward,  emarginate  at  top,  angular  on  the  sides. 
To   this  species,  S.  jma,  Lesq.,  and  S.  monostigma^  Lesq.,   are  closely 
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allied.  This  last  is  remarkable  on  account  of  its  simple  vascular  scara^ 
without  lateral  ones,  placed  near  the  lop  of  the  areoles.  Its  bark  is  com- 
posed of  different  layers,  which,  taken  separately,  have  each  scars  of 
different  shape  and  size.  It  is  well  to  remark  now,  that,  as  is  seen  pi. 
20,  f.  1,  6,  the  surface  scars  are  always  very  different  from  those  of  the 
decorticated  layers,  and  that  the  decorticated  specimens  are  rarely,  if  ever,, 
appropriate  for  specific  determination. 

S.    DILATATA,  Lesq. 

Areoles  flat  or  slightly  umbonate,  enlarged  and  acuminate  on  the  sides, 
emarginate  at  the  upper  border,  arched  at  the  lower,  cortex  distinctly 
undulate-striate  lengthwise ;  subcorticated  scars  two,  small,  oval,  horizon- 
tally close  to  each  other ;  intermediate  surface  undulately  striate  length- 
wise. 

S.    RETICULATA,  Lesq, 

Plate  20,  /.  6. 

Much  resembles  the  last  species  by  the  form  of  the  areoles,  which  are> 
however,  much  larger.  The  intermediate  surface  is  deeply  irregularly 
transversely  striate,  and  the  scars  surrounded  by  a  smooth  flat  border. 

8.    STELLATA,  Lcsq. 

Is  a  beautiful  species  with  large  distant  hexagonal  areoles,  whose  upper 
borders  are  emarginate,  the  lower  rounded,  the  lateral  slightly  curving  out- 
side in  the  middle,  surrounded  by  deep  flexuous  lines,  diverging  all  around 
star-like.     Very  rare. 

Of  section  2,  Sigillaria  Brardii,  Brgt.,  pi.  20,  f.  7-7  c,  is  the  more 
common  and  the  more  remarkable  species.  The  areoles  are  transversely 
rhomboidal-oval,  enlarged  and  acuminate  on  the  sides,  with  the  lower 
borders  obtuse,  the  upper  emarginate.  The  decorticated  surface  is  ex- 
tremely variable.  Sometimes,  as  in  f.  7  a,  the  inside  areoles  are  obsolete, 
the  vascular  scars  two,  large,  oval,  only  marked  in  the  middle;  or  as- 
in  f.  7  b,  the  lower  outside  lines  are  erased,  the  upper  only  preserved, 
covering  the  inside  areoles,  whose  vascular  scars  are  erased.  In  f.  7  c, 
nothing  is  left  but  the  vascular  scars.  Fig.  8  represents  a  fragment  of  the 
root  or  Stiffmaria  of  the  species.  The  species  is  more  aWundant  in  the  sub- 
carboniferous. 

In  section  3,  with  costate  surface  and  areoles  vertically  close,  contiguous 
at  base  or  distant,  S.  tesellcUa^  Brgt.,  with  transversely  ovate,  small,  very 
close  areoles,  and  S,  mammUlaris,  Brgt.,  with  large  oblong-ovate  obtuse 
ones,  a. little  more  distant,  are  the  most  common.  Few  species  of  this 
group  are  known,  but  those  of  the  following,  with  areoles  vertically  more 
distant,  are  numerous. 


Digitized  by 


Google 


REPORT  OF   STATE   GEOLOGIST.  9S 

8.    PiTTSTONIANA,    Lesq. 
Plait  20,  /.  3. 

Ribs  flat,  convex  on  the  borders  only,  surface  irregularly  rugose ;  are- 
oles  comparatively  small,  oval,  obtusely  truncate  at  top;  vascular  scars  in 
the  middle  of  the  areoles;  upper  bark  thick,  transformed  into  coal,  marked 
witli  a  single  small  oval  scar. 

S.  SiLLIMANNI,  Brgt, 

Plale20,f.b. 

Ribs  narrow,  piano  convex,  slightly  undulate,  punctate  or  rugose  above 
the  scars,  areoles  ovate,  truncate  at  the  top,  enlarged  toward  the  rounded 
base ;  vascular  scars  placed  a  little  above  the  middle,  decorticated  surface 
distinctly  Hneate ;  vascular  scars  double,  small,  oval,  close. 

8.  OVALI8.  Lesq, 

Plate  20^  /  4. 

Resembles  the  preceding.  Areoles  are  strictly  ovate,  obtuse  at 
both  ends;  furrows  between  the  ribs  marked  by  mere  lines  and  flat; 
decorticated  sur&ce  more  coarsely  striate ;  scars  simple,  small ;  narrowly 
oval. 

The  species  of  the  fourth  section  are  remarkable  not  merely  for  their  large 
ribs  divided  in  three  zones,  but  for  the  peculiar  property  of  the  subcortical 
scars  of  increasing  to  a  great  degree  by  the  growth  of  the  trees,  and  of 
becoming  so  much  deformed,  that  their  original  shape  is  totally  obliterated. 
The  supra-cortical  areoles  do  not  increase  in  the  same  degree ;  they  are, 
on  the  contrary,  generally  small,  and  thus  one  may  see,  upon  good,  partly 
decorticated  specimens,  the  small  areoles  of  the  upper  layers,  while  on  the 
sub-costical  surface  the  scars  are  sometimes  more  than  twice  as  large. 
This  can  be  explained  only  in  supposing  that  the  upper  cortical  layers 
may  become  separated  from  the  lower  cortex,  which,  remaining  attached 
to  the  trees,  continue  to  grow  and  enlarge  while  the  surface  layers  re- 
main unchanged. 

Two  of  the  more  important  species  are  the  following: 

8IGILLARIA  MARGINATA,    Lesq. 

Plate  20,  /.  1. 

Ribs  very  large,  bordered  on  both  sides  by  a  broad  narrowly  striate 
zone;  medial  txirrows  flat;  areoles  large,  distant,  ovate  in  outline,  trun- 
cate at  the  top,  rounded  at  the  base ;  space  between  the  areoles  punctate ; 
decorticated  surface  thinly  striate,  its  scars  double,  oval,  long,  contiguous 
in  the  middle.  Found  near  Pittston,  Pennsylvania,  in  the  middle  coal 
measures.  ^  t 
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SioiLLARiA  Lacoei,  Lesq, 

PlaU  20,  /.  2. 

Ribs  very  large;  lateral  zone  convex,  the  medial  canaliculate;  areoles 
very  dbtant  and  comparatively  very  small,  oval  or  ovate-oblong,  deeply 
emarginate  at  the  top,  rounded  at  base  or,  when  deformed  by  lateral  com- 
pression, enlarged  in  the  middle  and  narrowed,  obtuse  at  both  ends ;  sub- 
cortical scars  single,  large,  lanceolate  or  more  enlarged  and  inflated  at 
base.     Found  in  the  middle  coal  measures  near  Pittston. 

A  group  of  species  of  SigiUaria  has  been  considered  by  Brongniart  as  a 
separate  genus  under  the  name  of  Syringodendran  [mriggoSf  reed-like].  It 
includes  deeply  costate  species  whose  vascular  scars  are  united  in  one 
very  small  and  diversely  shaped,  either  round  with  a  central  punctiform 
vascular  scar,  or  cuneiform  emarginate  at  top,  or  oval,  more  enlarged  on 
one  side,  and  mucronate.  The  species,  according  to  Schimper,  represent 
merely  decorticated  forms  of  SigiUaria^  of  which  the  relation  of  the  scars 
to  the  areoles  of  the  surface  is  unknown,  and  which,  therefore,  can  net 
be  satisfactorily  determined. 

8TIGMARIA,  Brgt. 

Plate  19,/.  1-4. 

In  the  definition  of  the  genus  SigiUaria,  Stigniana  b  described  as  repre- 
senting its  radicular  sub-divisions.  Indeed  trunks  or  stems  of  SigiUaria 
have  been  found  in  Europe,  in  Canada  and  in  this  country,  with  roots  still 
attached  to  their  base,  these  roote  bearing  the  characters  of  SUgmaria, 
For  reasons  mentioned  below,  I  consider  the  Stigmaria  as  a  vegetable  of  a 
peculiar  nature,  capable,  like  some  water  plants  of  the  present  epoch,  of 
maintaining  its  life  a  lohg  time  independently  of  aerial  stems,  but  able 
in  peculiar  circumstances  to  produce  by  vertical  growth,  trunks  of  SigiUaria 
as  its  fruiting  stems.  According  to  this  the  genus  Siigmaria  is  defined  as 
follows : 

Floating  stems  or  roots,  generally  growing  horizontally,  distantly  fork- 
ing; branches  long,  scarcely  variable  in  size  in  their  whole  length,  sub- 
cylindrical  or  more  or  less  flattened  on  the  lower  side;  medullar  cylinder 
(pith)  woody,  often  eccentrical,  composed  of  fascicles  of  vessels  disposed 
star-like ;  leaves  long,  tubulose,  linear  when  flattened,  leaving,  after  dis- 
ruption, on  the  surfiice  of  the  stems,  round  scars  composed  of  two  concen- 
trical  rings  with  a  central  umbonate  mammilla  pitted  in  the  middle  by  a 
punctiform  vascular  scar. 

In  their  original  floating  state,  the  plants  of  Stigmaria^  like  those  of 
some  conferves,  mosses,  even  pha^nogamous  species  have  continued  for  long 
periods  their  vegetation  at  the  surface  or  on  the  bottom  of  shallow  water 
basins,  and  have  gradually  filled  them  with  their  debris.     Most  of  the 
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under  clay  beds  of  the  coal  coDtain  remains  of  SUgmaria  only,  with- 
out even  a  fragment  of  trunk  of  SigiUaria,  Beds  of  this  under  clay  from 
twenty  to  forty  feet  thick,  seen  along  rivers  of  the  coal  fields  of  this  country, 
in  Kentucky  especially,  are  filled  with  fragments  of  Sti^maria,  without  any 
other  kind  of  vegetable  remains.  This  proves  that,  as  for  the  under  clay 
beds  of  the  peat  deposits  of  the  present  ej)0ch,  which  have  the  same  char- 
acters as  those  of  the  coal  and  arc  formed  of  detritus  of  floating  water 
plants,  the  Stigmaria  plants  have  lived  for  long  periods  of  time  by  them- 
selves or  in  their  floating  nature,  and  that,  as  it  is  the  case  also  for  the 
formation  of  the  peat  beds,  it  is  only  when  the  mass  had  become  compact 
by  the  heaping  of  the  debris,  and  strong  enough  for  supporting  trees,  that 
SigiUaria  have  grown  upon  Stigmaria,  as  trees  producing  flowers  and  fructi- 
fications. Some  plants  of  the  present  epoch  have  the  same  property. 
They  live  as  floatmg  stems,  dividing  in  numerous  filaments,  aome  of  them 
bearing  bladdery  or  vesicular  appendages  by  which  they  are  sustained  in 
water,  never  producing  flowering  stems  until  they  have  a  compact 
solid  ground,  when  budding  knots  are  formed  by  the  connection  of  some 
branches,  from  which  aerial  fruiting  plants  are  derived. 

Stigmaria  stems  and  leaves  are  also  found  in  the  icoal,  where  they  are 
always  flattened  and  recognized  only  by  the  scars  of  their  leaves.  In  the 
clay,  the  stems  generally  preserve  their  cylindrical  or  sub-cylindrical  shape, 
for  often,  the  pith  is  not  central,  but  placed  at  the  under  surfisu^,  which  is 
then  somewhat  flat  and  without  leaves.  ^ 

The  scars  of  the  leaves  of  Stigmaria  being  always  of  the  same  form  or 
round,  variable  only,  either  in  their  relative  disposition,  sometimes  in  regular 
spiral  or  quincunxial  order,  sometimes  irregularly  placed,  or  in  the  size  of 
the  scars,  it  is  very  diflicult  to  find  distinct  characters  for  the  determina- 
tion of  the  species.  For  this  reason  some  authors  have  described  one 
form  only  as  species,  with  a  great  number  of  varieties. 

S.  FICOIDE8,  Brgt. 

Ptale  19,  /".  1,2.     {Fig.  1  is  in  a  very  reduced  stale.) 

A  most  common  form.  Its  characters  are  the  same  ^  given  for  the  genus. 
The  stems  are  extremely  long.  On  the  flat  surfisice  of  a  bed  of  metamor- 
phic  clay,  as  hard  as  limestone,  in  Pennsylvania,  I  have  followed  these 
stems  prolonged  to  sixty  meters  or  more  without  diminution  in  their 
thickness,  except  at  their  point  of  dichotomy,  which  is  very  rarely  seen. 
The  leaves  also  are  very  long,  thirty,  sometimes  sixty  cm.  or  more. 
Some  authors  represent  them  as  forking  near  their  extremities.  I  have 
never  seen  any  one  divided  in  that  way,  but  always  simple  and  of  the  same 
thickness,  only  enlarged  above  the  point  of  attachment,  which  is  more  or 
less  contracted.  They  sometimes,  but  rarely  bear  at  their  ends  a  kind 
of  large  oval  tubercle,  which  has  been  considered  by  some  authors  as  the 
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fructifications,  but  which  is  merely  a  bladder-like  appendage  to  support 
them  in  water.  The  leaves  and  also  their  scars  are  of  different  thickness 
according  to  species  or  varieties. 

Of  the  varieties  described  by  authors  the  more  marked  are : —  Var,  un- 
dvlata  (pi.  19,  f.  3).  Cortex  marked  by  longitudinal,  narrow  ribs,  undu- 
lating by  contraction  between  the  scars. —  Var.  dellata.  Cortex  marked  by 
short,  broad  lines  diverging  star-like  from  the  scars  as  in  pi.  19,  f.  4. — 
Var,  incequalis,  Areoles  unequal  in  size,  indistinct,  surface  obscurely 
striate. —  Var.  reticulata.  Surface  distinctly  reticulate — striate  around  the 
scars. 

Under  the  generic  name  of  StigmariaideSy  I  have  described  fragments  of 
roots  bearing  rootlets  and  marked  with  much  smaller  tubercles  than  those 
of  StigTuana,  without  central  vascular  points,  as  pi.  19,  f.  5,  and  under 
that  of  Sigillarioidesy  fragments  apparently  of  the  same  nature  or  roots, 
bearing  appendages  like  leaves  of  SigUlaria,  flat  with  a  medial  nerve  and 
leaving,  for  their  impression  of  the  point  of  attachment,  transversely  rhom- 
boidal  areoles,  similar  to  those  on  the  stems  of  SigiUaria  (pi.  19,  f  6). 
These  generic  divisions  are  not  yet  definite.  The  organs  representing 
roots,  of  soft  cellular  texture,  are  very  rarely  preserved  in  the  coal  shale ; 
the  few  of  them  known  as  yet  have  been  found  in  concretions  of  Mazon 
Creek. 

As  seen  from  the  description  of  the  genera  of  the  Lycopodiaceous  plants, 
where  so  many  facts  and  appearances  are  still  unexplained,  or  merely  hy- 
pothetical, it  is  not  surprising  that  vegetable  paleontolog}-  is  not  yet  able 
to  ascertain  the  nature  and  characters  of  fragments  of  their  roots. 

But,  admiring  the  multiplicity,  the  regularity,  the  harmony  of  the 
forms  observed  in  the  stems,  the  scars  of  leaves  or  of  branches,  the  cones 
and  their  sporanges,  their  blades,  the  appendages  considered  as  roots  or 
floating  divisions,  etc.,  we  are  forcibly  led  to  the  conclusion  that  the  fam- 
ily of  the  Lycopodiacece  was,  at  the  coal  epoch,  represented  by  an  immense 
number  of  plants  of  divers  characters,  many  still  unknown  to  us,  and  of 
which  the  genera  and  the  species  established  and  described  as  yet,  only 
represent  a  mere  fraction. 

NOEGGERATHIEi*:. 

The  relation  of  this  order  of  vegetables  is  not  positively  determined. 
The  plant  from  which  it  was  established,  XoeggeraUiia  foliosay  St^  was  con- 
sidered by  Goeppert  as  related  to  Cydo^yteris  or  to  the  ferns,  while  Brongni- 
art  comparing  it  to  species  of  Zamia  placed  it  between  the  Cyeadece  and 
the  Conifers  or  in  the  dicotyledonous  gymnosperras.  A  number  of  spe- 
cies referable  to  NoeggeraUiia  have  been  de3cril)ed  by  authors,  all  of  un- 
certain affinity,  and  I  have  myself,  in  the  Report  of  the  First  Geological 
Survey  of  Pennsylvania,  1858,  placed  in  the  genus  NoeggeraUiia  four  spe- 
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cies  later  recognized  as  ferns  of  the  genus  Ardteopteris ;  for  the  pinnules 
or  leaflets  of  Noeggeraihia  foliosa  have  about  the  same  shape  and  the  same 
nervation.  As  far  as  known  until  now  the  only  leaves  obtained  in  the 
American  coal  measures,  and  related  to  this  genus  or  with  characters  ap' 
pearing  intermediate  between  the  fems%and  g3rmnosperms,  have  been 
abundantly  found  on  the  roof  of  a  coal  mine  of  Ohio.  From  these  leaves 
the  following  genus  has  been  established. 

WHITTLESEY  A,  Aett*y. 

PUUe  9,  /.  1. 

Frond  simple  or  pinnate ;  nerves  &scicu]ate,  confluent  at  the  base,  sim- 
ple, not  dichotomous,  ascending  parallel  to  the  upper  border,  which  is 
dentate  or  undulate;  fructifications  unknown.  Of  the  three  species  de- 
scribed, the  following  only  has  been  found  in  a  large  number  of  specimens. 

W.  ELEGANS,  Newby. 
FUae  9,  /.  1. 

Leaves,  or  pinn®  simple,  thick,  narrowly  &n-like,  rounded  in  narrow- 
ing to  the  petiole,  truncate  and  acutely  dentate  at  the  upper  border; 
veins  in  bundles  of  slender  parallel  filaments,  converging  at  the  base 
toward  the  top  of  the  petiole  and  at  the  apex  in  entering  the  teeth,  be- 
coming connivent  at  their  sharp  points. 

Though  the  leaves  have  been  found  in  profusion  in  the  locality  indi- 
cated above,  none  has  besn  seen  attached  to  stems;  the  pedicels,  gene- 
rally cut  short,  are  not  longer  than  one  cm. 

The  relation  of  this  species  is  apparently  with  Cychpteiis  digitcUa^  Brgt. , 
now  referable  to  Baiera,  a  genus  of  the  Cycadece,  The  relation  seems  the 
more^  probable  since  a  species  of  Baiera  and  other  vegetable  fragments  re- 
lated to  the  Oinkgo,  a  Conifer,  have  been  discovered  in  the  Permo-Car- 
boniferous  measures  of  Virginia,  as  published  by  Profs.  White  and  Fon- 
tain  in  Report  P.  P.  Geological  Survey  of  Pennsylvania. 

m  SERIES.    GYMNOSPERMOUS  PLANTS. 

CORDAITEiE. 

From  recent  researches  especially  pursued  by  Grand' Eury  and  B. 
Renault,  two  celebrated  French  authors,  who  have  made  anatomical  anal- 
yses of  the  woody  tissue  and  of  divers  organs  of  the  Cordaiiece,  the  plants 
of  this  order  are  now  recognized  as  pertaining  to  the  Phenogarrums  gynrnos- 
permSj  and  to  compose  a  separate  group  intermediate  to  the  Conifers  and 
the  CycadecB.  A  number  of  genera  have  been  described  as  referable  to  the 
Chrdaiiece.  Of  these,  the  best  known  and  more  commonly  distributed,  are 
the  following  ones. 

7 — Qeol.  ^  J 
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C0RDA1TE8,  Ung, 

Plate  21,  /.  1,  3. 
(Dedicated  to  Corda.) 

Plants  sometimes  of  great  size,  irregularly  divided ;  trunks  composed  of 
a  large  medullar  cylinder  or  pith,  marked  on  the  outer  surface  by  trans- 
verse narrow  parallel  ribs,  rarely  joined  by  divisions,  covered  by  double 
or  triple  layers  of  wood  and  bark ;  leaves  placed  in  spiral  order,  more  or 
less  distant,  of  various  length  and  width,  linear,  more  generally  enlarged 
upward,  obtuse,  entire  or  obliquely  truncate,  undulate  and  vertically  cleft 
at  the  apex,  semi-embracing  at  base  or  gradually  narrowed  to  the  some- 
what inflated  point  of  attachment,  marked  lengthwise  by  primary  and 
secondary  close  simple  parallel  nerves  generally  more  distant  in  the  mid- 
dle of  the  leaves  and  slighily  thicker  toward  the  base ;  flowers  in  simple 
racemes  from  the  axils  of  the  leaves;  fruits  generally  ovate,  sessile  of 
various  size. 

These  plants,  known  until  now  merely  by  fragments  of  leaves,  are  not 
rare  in  the  coal  measures  and  are  generally  distributed  from  the  upper 
Devonian  to  the  upper  coal  strata,  passing  above  to  the  Permian.  The 
flowers  were  known  formerly  as  Antholithes,  the  fruits  as  Garpolithes,  but 
their  reference  to  species  of  coal  plants,  represented  by  leaves  or  fronds,  was 
unknown.  Now  Grand' Eiuy  has  found  in  France  a  prostrated  and 
silicified  forest  of  GordaUes,  and  has  been  able  to  give  by  restoration,  the 
figure  of  their  trunks  (thirty  m.  high,  more  than  thirty  cm.  in  diameter) 
with  branches,  leaves  and  flowers.  These  flowers  are  now  separately  de- 
scribed as  GordaianihuSf  the  fruits  as  Gorddicarpus, 

As  said  above,  the  leaves  or  Gordaiies  being  generally  large  were  known 
merely  by  fragments.  Their  reference  to  the  genus  was  easily  made,  oa 
account  of  the  peculiar  nervation  which  has  no  analogy  to  that  of  the 
ferns ;  but  the  American  specimens  could  rarely  be  specified  until  a  few 
years  ago  when  a  number  of  well  preserved  large  ones,  bearing  not 
only  leaves  preserved  in  their  integrity,  but  branches  with  leaves  attached 
to  them  and  flowers,  pi.  21,  f.  1.,  were  obtained  at  Cannelton,  Pennsyl- 
vania. From  these  specimens  it  has  been  possible  to  describe  a  number 
of  well  defined  species  of  which  the  following  are  the  more  important. 

C.    GRANDIFOLIUS,    Lesq. 

Leaves  large,  of  a  strong  texture,  widening  upward  and  fan-like  from 
a  narrow  truncate  base,  round  truncate  or  rounded  undulately  lobed  and 
clefl  at  the  apex;  nervation  double;  primary  nerves  obtuse,  distantly 
dichotomous  or  splitting,  inflated  and  more  distinct  toward  the  base,  with 
one  often  indistinct  secondary  nerve.  The  stems  of  this  species  are  un- 
known.    The  leaves  are  very  large  and  much  enlarged  upward.     One  of 
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these,  thirty-one  cm.  long,  with  a  base  of  one  cm.,  is  sixteen  cm.  wide  at 
the  upper  border,  where  it  b  cleft  in  short  lacinise ;  another  six  mill,  broad 
at  base,  thirty-two  cm.  long,  is  fifteen  cm.  broad  at  the  apex.  The  species 
is  found  at  Pittston,  in  the  sub-conglomerate  measures. 

C.    BORA88IFOLIU8,    Ufig, 

Leaves  five  to  eight  cm.  broad  in  the  middle,  where  they  are  widest, 
gradually  narrower  both  ways,  upward  to  the  obtuse  or  truncate  apex 
more  or  less  deeply  cleft  downward  to  the  slightly  contracted  semi-lunar 
point  of  attachment;  primary  nerve.*^  indistmct  to  the  naked  eyes,  close, 
five  to  seven  in  one  mm.,  with  generally  one  intermediate  secondary  vein ; 
surfiice  thinly  rugulose  crosswise.  The  leaves  of  this  species  are  sometimes 
very  long  and  rounded  at  the  apex,  and  there  nearly  as  broad  as  in  the 
middle;  and  sometimes  forty-five  cm.  long.  They  are  commonly  found 
over  the  whole  .thickness  of  the  middle  coal  measures. 

C.  Lacoei,  Lesq, 

Ptaie  21,  fig,  2, 

Leaves  elliptical,  obtuse  or  rounded  and  narrowed  to  a  point, 
small  and  comparatively  broad  at  base;  nerves  distinct,  the  primary 
about  one  mill,  distant,  with  four  to  six  intermediate  ones.  A  rare  species 
found  at  Pittston. 

C.  Mansfieldi,  Lesq. 

Stems  with  a  thin  polished  bark  indistinctly  marked  by  the  scars  of 
the  convex  base  of  the  leaves;  leaves  long,  open,  narrow,  nearly  exactly 
linear,  gradually  narrowed  at  the  apex  to  an  obtuse  point,  averaging  fif- 
teen mm.  broad  and  fifteen  cm.  long,  but  much  shorter  and  narrow  upon 
the  young  branches;  nerves  distinct,  the  primary  separated  by  two  to 
four  intermediate  veinlets;  flowers  in  simple  racemes,  composed  of  four 
sepaloid  involucres  attached  by  short  peduncles  to  the  common  fiexuous 
pedicel ;  fruits  oval,  sessile.  The  species  is  abundant  at  Cannelton.  The 
fruits  are  larger  than  those  of  the  following  species. 

C.  cosTATUS,  Lesq. 

Plate  21,/.  1-16,  4. 

Stem  irregularly  costate  by  the  decurring  prolongation  of  the  tumescent 
leaf  scars ;  leaves  erect,  narrow,  nearly  linear  or  slightly  enlarged  up- 
ward ;    primary  nerves  unequal  in  distance,  three  to  five  in  a  space  of 
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two  mm.;  intermediate  veins  three  to  four;  sur&ce  transversely  rugose ; 
male  flowers  sessile,  on  simple  sub-cylindrical  axillary  racemes;  fruits 
lar^e,  oval,  ^lightly  contracted  to  the  tumescent  point  of  attachment  upon 
a  narrow  branch.  The  species  is  as  common  at  Cannelton  as  the  last  and 
sometimes  in  very  large  specimens,  one  of  which  has  been  found  with  a 
branch  bearing  a  fruit  like  f.  4. 

C.  SERPENS,  Lesq, 

Stems  slender,  narrow,  flexuous  or  serpentine,  abruptly  truncate  at  the 
top  by  the  flattening  of  the  medullar  cylinder  and  continued  by  a  broad 
terminal  long  flat  leaf-like  prolongation ;  lateral  leaves  in  right  angle  ta 
the  stems,  sub-linear,  narrowed  to  the  point  of  attachment ;  nervation 
distinct ;  primary  nerves  separated  by  three  to  four  intermediate  ones. 

A  very  remarkable  species,  which  seem  to  have  lived  in  water  and 
floating.  The  terminal  leaves  at  the  end  of  the  stems  are  large,  two  to  two 
and  one-half  cm.  broad ;  those  along  the  stems  are  at  right  angles,  one-half 
to  one  cm.  broad ;  the  stems  narrow,  one  and  one-half  to  two  cm.  broad. 
The  conformation  of  the  stem  is  very  peculiar.  Always  flexuous,  ser- 
pentine, unequal  in  thickness  or  inflated  here  and  there,  its  woody  cylin- 
der transversely  ribbed,  pi.  21,  f.  3,  is  abruptly  flattened  or  truncate  at 
the  end  of  the  branches,  where  its  place  is  taken  by  large  leaves,  following- 
the  direction  of  the  stem,  while  the  lateral  are  much  narrower,  sometimes 
flexuous,  divided  in  narrow  lacini^  and  placed  at  right  angles  as  floating. 
These  characters  have  been  observed  upon  a  large  number  of  specimens. 
Found  with  the  last. 

C0RDAIANTHU8,  QrdL'E. 

(Anthos,  flower.) 

This  genus  includes,  as  implied  by  its  name,  flowers  of  Cordaites,  The 
characters  of  the  species  are  rarely  distinct,  as  the  flowers  are  generally 
flattened,  obscured  or  half  destroyed  by  maceration  and  compressed.  C. 
geinmifer  represents  the  group  of  species  of  male  flowers,  buds  or  gem- 
mules,  composed  of  imbricated  scales,  often  attached  to  the  axil  of  a 
linear  bract.  C\  baccifer  is  appropriated  for  fertile  flowers  in  racemes, 
bearing  at  the  axils  of  foliaceous  bracts  small  rudimental  or  immature 
ovules,  either  obtuse  or  pointed. 

CORDAICARPUS,    Grd.'E, 
{CarpoSy  fruit.) 

This  genus  is  established  for  the  description  of  the  fruits  of  Cordaites,  of 
which  the  number  is  considerable,  but  whose  relation  to  the  plants  to 
which  they  belong  is  generally  unknown,  as  they  are  mostly  found  loose 
or  remaining  attached  to  the  racemes  only  when  very  young  and  still  im- 
mature. 
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C.  GuTBiERi,  Oein. 
Plate  21,  /.  4,  6. 

Fruit  oval  or  ovate,  sub-cordiform,  rounded  or  truncate  at  one  end, 
obtusely  pointed  at  the  other ;  surface  smooth ;  pericarp  (outer  envelope) 
transformed  into  a  thin  coating  of  coaly  matter. 

These  fruits,  extremely  common  at  Cannelton,  with  remains  of  Cordaite8y 
are  all  about  of  the  same  shape,  but  very  variable  in  size.  Those  of  f. 
6,  6a,  described  as  C.  apicuUUus,  arp  analogous  in  their  form,  but  represent 
a  distinct  species. 

A  few  other  genera,  described  by  Grand'Eury  and  myself  in  this  sec* 
tion,  are  not  as  yet  clearly  enough  related  to  the  CordaUes.  Among  them 
are  the  following: 

DICRANOPHYLLUM,  QrcCE. 

Stems  slender ;  leaves  nanpw,  grass-like,  linear,  sub-coriaceous,  of  va- 
rious lengths,  forking  or  dividing  at  the  top  in  filaments,  nerved  like  Cor- 
daiies,  A  few  American  fragments  are  apparently  referable  to  the  genus, 
but  they  are  not  sufficient  for  specific  determination. 

DESMIOPHYLLUM,  Lesg. 

Stems  slender;  leaves  narrow,  sub-linear,  gradually  enlarged  from  the 
base,  either  simple  or  sparse  or  fasciculate  at  base,  joined  three  or  four  to- 
gether, surfiu^  of  the  stems  and  leaves  irregularly  striate  lengthwise  by 
prominent  large  bundles  of  nerves  buried  under  the  epidermis,  which  is 
thick,  irregularly  granulose. 

There  is  of  this  genus  a  single  species,  D,  gracilis,  Lesq. ,  represented 
by  one  specimen  only. 

T^NIOPHYLLUM,  Lesq. 

Plate  21,  /.  8,  8a. 

Stems  large;  leaves  crowded,  fistulose,  flat  by  compression,  thick,  ex- 
actly linear,  decurring  at  base;  surface  smooth,  opaque  or  shining. 

The  characters  of  this  genus,  of  which  three  species  are  described,  are 
not  in  concordance  with  those  of  Cordaite^.  The  leaves,  exactly  linear, 
were  apparently  tubulose  when  living;  their  surface  is  not  marked  by 
parallel  nerves,  but  by  very  short  lines  directed  lengthwise,  crossed  in 
right  angles  by  thinner  ones,  forming  a  kind  of  areolation  like  the  meshes 
of  a  very  fine  tissue.  I  have  also  found  some  of  these  long  leaves  con- 
taining within  their  channels  or  under  the  coaly  layer  of  their  surface 
groups  of  macrospores,  which  could  be  seen  for  the  whole  length,  either 
marked  indistinctly  through  the  compressed  surfisu^e,  or  distinctly  wherever 
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the  epidermis  was  destroyed.  If  this  appearance,  observed  upon  many 
specimens,  is  not  deceptive  the  relation  of  these  plants  is  with  the  Lyco- 
podiacece. 

FRUITS  OR  SEEDS. 

A  number  of  Aruits  or  seeds  of  very  different  characters  are  found 
already  in  the  upper  Devonian  and  become  more  and  more  abundantly 
distributed  in  the  carboniferous  measures.  Plate  22  represents  by  a  few 
specimens  of  those  fruits,  some  of  their  more  remarkable  forms  and  their 
great  variety  of  size  and  shape.  I  have  already  described  under  the  name 
of  Cordaicarpm  a  few  of  the  species  positively  referable  to  Cordaites. 
The  relation  of  the  others  in  regard  to  the  plants  from  which  they  are 
derived  is  mostly  unknown.  Considering  merely  the  outside  characters 
of  the  seeds  of  the  coal  measures,  those  which  can  be  recognized  without 
anatomical  analysis,  most  of  the  paleontologists  have  classed  them  in  four 
generic  divisions,  CardiocarpuSf  Rhabdocarpus^  Trigonocarpua  and  Carpel- 
iihea.  Some  French  authors,  Brongniart  especially,  have  been  able  to 
examine  the  inner  structure  of  a  number  of  silicified  fruits  of  the  carbon- 
iferous and  have  applied  to  them  a  different  nomenclature.  A  record  of 
these  determinations  would  now  be  useless  in  this  country,  where  no  fruits 
have  been  found  silicified  or  preserved  in  such  a  way  that  their  inner 
structure  can  be  microscopically  studied.  I  have,  therefore,  pr^erved 
the  old  and  general  classification. 

CARDIOCARPUS,  Brgi. 
(  Cardidy  heart.) 

Seeds  of  various  shapes,  composed  of  a  compressed,  generally  cordiform 
or  oval  nucleus,  surrounded  by  a  flattened  fibrous  border,  ojr  a  membran- 
ous wing,  representing  the  pericarp  or  testa. 

As  it  is  difficult  to  understand  the  characters  of  the  seeds  from  mere 
description,  I  mention  only  the  figured  species  of  this  or  of  the  other  gen- 
era of  fossil  fruits. 

C.  Harveyi,  Sp,  nov. 
Plate  22,  /.  1. 

Nucleus  large,  oval  in  outline,  with  concentrical  borders  nearly  one  cm. 
broad,  deeply  emarginate  at  top,  forming  two  erect  sharply  pointed  horns 
separated  by  an  obtuse  sinus.  The  tube  by  which  the  pollenic  substance 
enters  the  ovary  (tubular  micropyle)  is  distinct. 

Found  in  the  sub-conglomerate  coal  of  Arkansas. 
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C.  INGEN8,  Lesq. 
PUUe  22,  /.  2. 

Nucleus  cordiform,  narrowed  at  the  apex  into  a  micropyle  paadng  up 
to  the  sinus  of  the  margin ;  wing  broad,  following  the  outline  of  the  ovule, 
becoming  a  little  larger  toward  the  apex,  where  it  is  deeply  cut  into  a 
narrow  sinus.  Same  geological  station  as  the  last,  but  found  at  a  differ- 
ent locality. 

C.  OVALIS  Lesq, 

Hate  22,  /.  3,  4. 

Seeds  of  medium  size;  nucleus  cordiform  ovate;  border  narrow,  con- 
centrical,  slightly  larger  above,  emarginate  at  the  apex.  J  ^Qsider  f.  4 
as  representing  the  nucleus  loosened  from  its  testa. 

The  species  is  common  in  the  sub-conglomerate  beds  of  Arkansas. 

C.  SIMPLEX,  Lesq, 
Plate  22,  /.  13, 

Seeds  small,  nucleus  broadly  cordate,  obtuse,  broadly  winged,  emargin- 
ate at  apex.  Seeds  of  this  character,  very  variable  in  shape  and  size, 
have  sometimes  been  described  as  Samaropsis, 

C.  BicoRNUTUS,  Lesq, 
PhU22,fig,U, 

Seeds  small,  broadly  winged ;  nucleus  oblong-ovate,  acute,  bordered  by 
a  broad  margin  prolonged  downward  and  narrowed  into  a  pedicel,  enlarged, 
deeply  emarginate  to  the  apex  of  the  nucleus,  and  diverging  in  two  acu- 
minate horn-shaped  points. 

This  seed  is  very  remarkable.  The  nucleus  is  hard,  compact,  less  flat- 
tened by  compression  than  the  testa  from  which  it  is  easily  separated.  It 
evidently  belongs  to  a  different  group  and  was  first  described  under  the 
name  of  FtUocarpus^  Lesq.     Found  in  the  upper  coal  of  Ohio. 

C.    MAMILLATUS,  Le^. 

Plate  22,  figs,  5,5a. 

Seed  small;  nucleus  oval,  mamillate  at  the  base,  regularly  and  deeply 
striate,  surrounded  by  a  narrow  border  or  flattened  testa.  The  testa  is 
destroyed  in  the  specimen  figured.  I  have  only  seen  it  fragmentary  upon 
a  specimen  somewhat  diflferent,  a  little  larger  and  round,  which  may  rep- 
resent another  species.  It  may  therefore  be  referable  to  the  following 
group: 
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RHABDOCABPUS,  Ooepp  and  Berger, 

(Babdos  striated.) 

Fruits  often  of  large  size,  costate  or  striate  lengthwise,  acute  or  acumi- 
nate, surrounded  by  a  testa  sometimes  destroyed  or  deficient. 

R.  IN8IGNI8,  Lesq, 
Plate  22,  fig.  6. 

Seed  (nucleus?)  large,  broadly  oval,  apiculate,  marked  at  base  by  a  . 
large  cicatrice  at  its  point  of  attachment,  indistinctly  striate  by  equidistant 
larger  leaves,  and  irregularly  closely  lineate  or  wrinkled  lengthwise. 

A  beautiful  fruit  found  at  Pittston,  Pennsylvania. 

R.  Mansfieldi,  Le&q. 
PUUe2%fi(j,7. 

Fruit  very  large,  obovate,  truncate  at  the  point  of  connection  to  the 
the  stem ;  testa  thin,  wrinkled  by  fragments  of  a  layer  of  rugose  coaly 
matter ;  nucleus  distantly  obscurely  striate  lengthwise.  Fruits  of  this  kind, 
but  scarcely  as  large  as  the  one  figured,  are  not  rare  at  Cannelton.  One 
has  been  found  apparently  attached  to  a  branch  of  Cordaites  Mansfieldi, 
and  is  therefore  a  Cordaicarpus.  As  the  attachment  to  the  stem  b  consid- 
ered by  some  a  mere  casual  superposition  of  the  fruit  to  a  fragment  of  stem, 
I  describe  the  fruit  here  in  the  genus  to  which  it  is  referable  by  its  outside 
characters. 

R.  MULTI8TRIATU8,  Pred, 
PlaU  2%fig8.  8,  9. 

Seeds  oval,  rounded  at  base ;  outer  testa  prolonged  beyond  the  nucleus 
and  narrowed  upward  into  an  obtuse  or  truncate  apex,  obscurely  ribbed 
and  striate  lengthwise ;  nucleus  shorter,  ovate,  apiculate,  distinctly  equally 
ribbed,  marked  at  base  by  a  large  cicatrice  or  point  of  attachment. 
Found  over  the  middle  coal  measures,  especially  in  the  shale  of  the  first 
coal  above  the  conglomerate. 

R.  HowARDi,  Lesq. 
PUtU  22,  fig,  10, 

Fruit  large,  oblong,  curved  to  one  side,  rounded  at  base,  abruptly  nar- 
rowed at  the  apex  to  a  short  acumen,  marked  lengthwise,  with  distant 
narrow  elevated  ribs  indistinctly  minutely  lineate  in  the  intervals.  Ap- 
pears to  be  a  nucleus,  perhaps  referable  to  Trigonocarpm,  Found  in  a  bed 
of  sandstone  in  the  coal  measures  of  Ohio. 
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TMGONOCABPUS,  BrgL 

Ptete22,/.  11, 12. 

Fruits  ovoid,  compressed  triangular  at  the  point  of  insertion,  three  or 
six  costate ;  ribs  more  distinct  and  prominent  toward  the  base,  sometimes 
disappearing  above;  apex  pittisd  by  a  small  round  or  triquetrous  ma- 
millate  cavity. 

T.  Dawesh,  U.  and  HvU. 
Plate  22,  /  11. 

Fruit  broadly  ovate  or  oblong,  abruptly  pointed,  marked  with  three 
strong  prominent  ribs. 

These  seeds  as  described  by  European  authors  are  very  variable  in  size 
and  also  of  different  shape,  appearing  to  represent  difikrent  species. 
Found  in  many  specimens  at  the  base  of  the  coal  meacnires  of  Indiana 
in  conglomerate  sandstone. 

T.  8UBCYLINDRICUS,  Lesq. 

Plate  22,  /.  12. 

Fruit  small,  tri-<x)state  and  slightly  triangular,  subcylindrical  in  out- 
line, generally  narrowed  upward  and  pointed,  smooth;  basilar  cicatrice 
large,  triangular. 

CARPOLITHES,  Sehloih. 

Plate  22,  /.  16-18. 

Seeds  of  various  forms  and  of  uncertain  relation,  not  referable  by  their 
characters  to  any  of  the  preceding  genera,  often  representing  ovules  de- 
prived of  their  testa. 

C.    BICUSPEDATUS,    St. 

Plate  22,  /.  15. 

Nucleus  small,  enlarged  in  the  middle  or  transversely  oval,  rounded  at 
base,  rapidly  narrowed  to  a  sharp  point,  entirely  smooth.  Fruits  of  this 
kind  are  not  rare  in  the  lower  coal  measures,  sometimes  found  with  a  nar- 
row pedicel. 

C.  ORBICULARIS,  Ncwby. 

Plate  22,  /.  16. 

Nucleus  exactly  orbicular,  inflated,  smooth.  Bare.  Found  at  Cannel- 
ton.* 

*  Cannelton  and  Pitt«toD»  referred  to  in  this  paper,  are  in  Pennaylvania. 
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G.  REOULARI8  (?),  St 

PlaU  22,  /  17, 17a. 

Nucleus  yerj  small,  oval,  surrounded  by  a  concentrical  larger  testa, 
pitted  at  the  apex  by  a  small  round  alveole.  Species  perhaps  referable 
to  Cardiocarpm.  Shale  of  the  middle  coal  strata;  rare  and  unsatis&ctor- 
ily  known  like  all  the  Carpolithes. 

C.  ARCUATU8,  Le^q, 

Plate  22,  /.  18. 

An  oblong  linear  fruit,  five  cm.  long,  without  its  slender,  curved  pedicel- 
one  cm.  broad  in  the  middle  where  it  is  narrower,  like  strangled,  slightly 
curved,  inflated  above,  abruptly  narrowed  to  a  short  inclined  beak,  and 
also  narrowed  at  base  into  a  pedicel  one  and  one-half  cm.  long.  The 
upper  surfiice  of  the  pericarp  is  a  striate  coating  of  coal,  the  lower  sur- 
hce  is  dotted  by  transversal  short  wrinkles.  The  fruit  is  very  peculiar 
and  does  not  show  relation  to  any  kind  of  seeds  described  as  yet  from  the 
coal  measures.  Found  in  a  thin  layer  of  coal  in  Kentucky,  at  the 
horizon  of  the  Conglomerate.  It  is  probably  referable  to  the  genus 
EhabdocarpuSf  and  is  described  as  -R.  arcuatm  in  the  **  United  States  Coal 
Flora." 
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The  Fossils  of  the  Indiana  Rocks,  No.  3. 

BY  CHARLES  A.  WHITE.  M.  D. 

GENERAL    REMARKS. 

One  of  the  most  important  formations  in  the  State  of  Indiana  is  that 
which  is  known  by  the  name  of  Coal  Measures ;  a  name  which  was  ap- 
plied to  the  corresponding  formation  in  England  in  the  early  history  of 
geology.  Whatever  of  signification  the  name  may  have  originally  had,  it 
is  now  used  as  a  proper  name  of  a  geological  formation,  just  as  the  names 
Niagara,  Hamilton,  Comiferous,  etc.,  are  used  for  other  formations.  The 
great  Carboniferous  system  of  rocks  is  known  to  exist  over  a  large  part  of 
the  two  Americas,  and  large  parts  of  Europe  and  Asia  also.  It  probably 
exists  in  other  divisions  of  the  earth,  but  in  those  just  named  it  has  been 
more  or  less  extensively  studied. 

The  strata  of  the  Carboniferous  system  are  usually  separated  into  three 
divisions,  namely,  the  Lower  Carboniferous  (or,  as  it  is  sometimes  called, 
Subcarboniferous),  the  Coal  Measures  and  the  Permian.  The  Lower  Car- 
boniferous strata  are  well  developed  in  Indiana ;  and  some  of  the  most  in- 
teresting fossils  that  have  been  found  in  the  State  come  from  that  forma- 
tion. In  the  States  to  the  westward  of  Indiana,  the  Lower  Carboniferous 
series  has  been  divided  into  five  distinct  groups,  each  being  characterized 
by  fossils  which  are  peculiar  to  its  own  strata.  The  greater  part  of  these 
grodps  are  recognized  within  the  State  of  Indiana,  and  have  received 
much  attention  from  geologists  and  paleontologists,  on  account  of  their  in- 
teresting geological  features  and  the  richness  of  their  fossil  remains. 

The  Coal  Measures  are,  in  like  manner,  divided  into  three  groups  or  sub- 
divisions, under  the  respective  names  of  Lower,  Middle,  and  Upper  Coal 
Measures,  the  latter  being  sometimes  called  Permo-Carboniferous.  The 
lines  or  planes  of  demarkation  between  these  three  subdivisions  of  the 
Coal  Measures  are  not  so  distinct  as  they  are  between  the  subdivisions  of 
the  Lower  Carboniferous  series ;  neither  are  they  so  distinctly  separated 
from  each  other  by  the  character  of  their  respectively  contained  fossils. 
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In  consequence  of  this  similarity  of  the  fossils  contained  in  the  Coal 
Measure  series,  some  geolo^sts  are  not  disposed  to  recognize  the  subdi- 
visions that  have  been  named  as  anything  more  than  a  convenience  of 
arrangement  for  study  and  description.  Many  geologists  also  seriously 
question  the  existence  of  the  Permian  formation  in  any  of  the  States 
which  lie  to  the  eastward  of  the  Mississippi  River ;  and,  so  far  as  any  in- 
formation is  concerned  which  may  be  furnished  by  invertebrate  fossils,  the 
question  is  still  an  open  one.  Professor  Cope,  however,  has  described 
some  important  vertebrate  remains  from  Vermillion  county,  Dlinois,  which 
he  regards  as  clearly  indicating  the  Permian  age  of  the  strata  from  which 
they  were  obtained. 

In  this  article,  I  shall  treat  only  of  the  fossils  of  the  Coal  Measures,  and 
I  shall  confine  myself  to  the  invertebrate  forms,  omitting,  entirely,  all 
vertebrate  forms  and  plants.  Before  proceeding  with  the  description  of 
these  fossils,  I  will,  in  compliance  with  the  often  expressed  wish  of  Pro- 
fessor Collett,  present  some  popular  remarks  of  a  general  character  which 
have  a  bearing  upon  the  subject  of  this  article. 

To  properly  understand  the  subject  of  any  special  investigation  in  Pale- 
ontology, one  must  carefully  inquire  into  the  physical  conditions  which 
existed  at  the  time  the  fossil  forms  he  studies  were  living  ones ;  and  this 
may  be  done  with  more  satisfactory  results  than  many  may  suppose.  It 
is  not  strange,  that  those  who  are  not  accustomed  to  geological  investi- 
gations often  think  such  efforts  are  necessarily  profitless,  nor  that 
they  should  sometimes  regard  any  statements  which  may  be  made  with 
reference  to  the  physical  conditions  that  existed  upon  the  earth  at  a  time 
so  remote  as  the  Carboniferous  age  as  amounting  to  nothing  more  than 
vagaries  of  a  vivid  imagination,  or  that  they  are,  at  best,  mere  specu- 
lations as  to  what  conditi6ns  may  possibly  have  then  existed.  It  is  true 
that  we  can  not  now  know  what  the  physical  conditions  were  which  pre- 
vailed during  any  former  period  of  the  earth's  hbtory  with  the  same 
minuteness  that  we  know  the  conditions  now  existing,  but  nothing  is 
more  certain  than  that  we  may  know  what  some  of  those  conditions  were 
with  approximate  accuracy.  Taking  the  present  conditions  which  prevail 
upon  the  earth  as  a  key  to  the  past,  we  are  able  to  reach  conclusions 
which,  for  extent,  variety,  and  evident  accuracy,  would  have  startled  us 
at  the  outset.  Let  us  consider,  briefly,  a  few  examples  of  the  methods 
by  which  geologists  reach  their  conclusions  with  reference  to  physical  con- 
ditions which  prevailed  during  past  geological  ages. 

The  most  northerly  point  in  American  seas  at  which  true  reef-building 
corals  now  exist  is  in  the  vicinity  of  the  Bermuda  Islands.  The  waters 
of  the  sea  to  the  northward  of  this  are,  except  perhaps  in  the  deepest 
waters,  too  cold  to  allow  the  existence  of  coral-forming  polyps.*   Further- 

*  Since  this  paragraph  was  written,  the  labors  of  the  U.  S.  Fish  Commission  have  demon- 
strated the  exietenoe  of  a  considerable  variety  of  corals  in  the  deep  sea  in  much  higher  lati- 
tddes ;  but  this  does  not  materially  affect  the  application  I  make  of  the  facts  mentioned. 
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more,  coral-forming  polyps  are  found  only  in  marine  waters,  never  in 
fresh  waters.  In  all  the  geological  periods,  however,  which  are  rep- 
resented by  the  formations  of  Indiana,  of  whatever  age,  coral-forming 
polyps  existed,  and,  in  the  strata  which  represent  those  periods,  fossil 
corals  are  now  found.  We  infer,  therefore,  that  the  waters  in  which 
all  the  formations  of  Indiana  were  deposited  (with  the  exception  of  the 
beds  of  coal  and  some  of  their  immediately  associated  layers)  were  of 
marine  saltness,  and  probably  as  warm  as  those  of  the  Florida 
Keys.  Furthermore,  formations  of  the  same  geological  age  as  some 
of  those  of  Indiana  are  found  within  the  Arctic  circle,  containing, 
in  both  regions,  fossil  corals  of  the  same  or  closely  related  species. 
Similar  forms  of  fossil  corals  are  also  found  in  various  parts  of  both 
the  eastern  and  western  hemispheres,  and  on  both  sides  of  the  equator. 
We,  therefore,  infer  that  the  conditions  of  climate  upon  the  earth,  in 
those  ages,  were  very  different  from  those  which  now  prevail,  and  cer- 
tainly much  more  uniform.  Again :  We  find  imbedded  in  certain  of  the 
strata  within  the  Arctic  circle,  where  no  trees  can  now  grow  on  account  of 
the  coldness  of  the  climate,  remains,  not  only  of  a  great  variety  of  forest 
trees,  but,  also,  many  vegetable  forms  that  are  closely  ^related  to  living 
tropical  or  subtropical  species.  We  infer  from  these  &cts,  that  there  has 
been  a  time,  when  the  climate  within  the  Arctic  circle  was  milder  than  the 
present  climate  of  Indiana. 

By  the  study  of  the  aqueous  life  now  existing  upon  the  earth,  natural- 
ists find  that  certain  genera,  fisunilies,  orders,  and  even  classes,  of  animal 
forms  are  restricted  to  marine  waters ;  that  b,  to  those  which  have  a  salt- 
ness equal  to  that  of  the  ocean.  Other  forms,  again,  are  found  only  in 
brackish  waters;  and  still  others  only  in  waters  that  are  wholly  fresh. 
When,  therefore,  we  find  any  .fossil  remains  that  come  under  either  of 
these  three  categories,  we  feel  confident  that  we  know,  approximately  at 
least,  whether  the  waters  in  which  those  animal  forms  lived  were  salt, 
brackish  or  fresh,  although  long  geological  periods  have  elapsed  since  the 
last  of  those  forms  was  living  and  since  those  waters  gave  place  to  dry 
land. 

Again,  certain  forms  of  mollusks  are  now  found  living  only  upon  the 
land,  and  others  mainly  or  only  in  marshy  places.  In  case,  therefore,  of 
the  discovery  of  fossil  shells  like  those  of  the  first-named  kind,  we  infer 
that  the  land  upon  which  they  lived  was  near  by,  and  that  the  shells  were 
drifted  into  the  waters  in  which  the  deposits  which  now  contain  them  were 
made.  In  the  case  of  the  other  forms,  it  is  legitimate  to  infer  that  they  were 
entombed  where  they  lived ;  and  the  associated  conditions  and  contents  of 
the  strata  will  tell,  with  approximate  clearness,  whether  their  habitat  was 
a  marsh  or  a  lake.  In  a  few  instances,  discoveries  of  fossil  land  shells 
have  been  made  which  were  mingled  in  the  same  strata  with  those  of  true 
marine  mollusks.     The  inference,  in  those  cases,  was  plain,  and  associated 
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circumstances  confirmed  it,  that  the  strata'  in  which  these  fossils  were 
found  were  deposited  in  the  sea  and  near  the  shore,  that  the  land  shells 
were  washed  into  the  sea  by  land  drainage,  drifted  out,  sunk,  and  were 
entombed  with  the  shells  of  those  mollusks  which  had  lived  and  died  in 
the  waters  there.  The  sediment  which  entombed  them  was  hardened 
into  rock,  the  sea  receded  by  the  gradual  elevation  of  the  land,  and  now, 
in  the  heart  of  a  continent,  the  geologist^s  hammer  lays  bare  these  ancient 
forms,  and  he  reads  a  history  which  had  lain,  as  in  a  sealed  book,  for  ages. 

By  the  study  of  marine  life,  naturalists  also  find  that  certain  mollusks 
and  other  animal  forms  inhabit  deep,  and  others  shallow,  waters.  Others, 
again,  are  known  to  thrive  in  waters  charged  with  sediment;  while  certain 
forms  can  exist  only  in  the  clearest  water,  and  are  instantly  killed  by  the 
accession  of  sediment.  Similar  distinctions  are  recognized  by  paleontolo- 
gists among  fossil  forms,  and  the  character  of  the  material  of  which  the 
strata  are  composed  usually  agrees  with  such  determinations;  that  is,  the 
character  of  the  rocks  which  enclose  the  forms  corresponding  to  deep  sea 
life  indicates  a  finer  condition  of  the  sediment  than  that  of  the  wave- 
washed  shallow  water  deposits.  It  is  no  uncommon  thing  to  find  among 
the  strata  of  a  formation  evidences  of  the  local  destruction  of  life  by  the 
irruption  of  sediment  into  waters  which  had  long  previously  been  clear. 

Since  all  stratified  rocks  have  been  deposited  under  water,  the  various 
formations,  when  first  deposited,  were,  of  necessity,  approximately  level. 
When,  therefore,  we  find  the  formations  tilted  so  that  the  strata  stand  at 
any  considerable  angle  with  the  .horizon,  we  necessarily  infer  that  they 
have  become  so  tilted  by  a  subsequent  movement  of  the  earth's  crust  at 
that  place.  This  tilting  of  the  strata  may  be  so  slight  as  not  to  be  dis- 
cemable  to  the  eye  at  the  limited  exposures  which  the  prevalent  overlying 
soil  allows.  In  such  cases,  it  is  only  discoverable  by  traversing  the  region 
in  which  the  strata  in  question  occur,  and,  finding  them  to  gradually  dis- 
appear beneath  another  formation,  or,  finding  still  another  formation,  to 
come  gradually  to  the  surface  from  beneath  the  one  upon  which  our  ob- 
servations began.  In  other  cases,  the  strata  are  found  tilted  at  a  high 
angle,  or  flexed  up  against  a  mountain  side,  and  often  entering  largely 
into  the  structure  of  mountains.  In  all  such  cases,  it  is  needless  to  say 
that  these  movements  of  the  earth's  crust  took  place  after  the  strata  so 
disturbed  were  deposited,  but  the  use  geologists  make  of  this  obvious  fiict 
is  important.  For  example :  It  is  well  known  that  strata  of  the  Carbon- 
iferous age  enter  largely  into  the  structure  of  the  Allegheny  Mountains, 
and,  as  the  greater  part  of  these  strata  were  formed  beneath  the  level  of 
the  sea,  it  is  clear  that  the  entire  elevation  of  those  mountains  took  place 
after  the  close  of  the  Carboniferous  age.  Indeed,  certain  other  filets  are 
now  understood  to  point  to  a  very  much  later  date  for  the  origin  of  the 
elevation  of  those  mountains  than  the  close  of  the  Carboniferous  age. 
Again,  Cretaceous  and  Tertiary  strata  are  strongly  flexed  up  against  the 
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Tanges  of  the  Rocky  Mountain  system,  and  in  some  places  they  enter 
largely  into  the  structure  of  those  mountains.  It  is,  therefore,  plain  that 
the  Rocky  Mountain  system  had  no  existence  prior  to  the  close  of  the 
Cretaceous  period  or  the  beginning  of  the  Tertiary.  Mountains  are  by 
no  means  the  stable  objects  they  seem  to  be  in  comparison  with  the  short- 
ness of  human  life  and  human  history,  and  it  is  probable  that  many 
mountains  and  mountain  ranges  have  risen  upon,  and  disappeared  by 
erosion  from,  the  &ce  of  the  earth  in  former  geological  times,  but  it  is 
practically  certain  that  all  the  present  mountains  of  the  earth  were  formed 
since  the  animals  lived  whose  remains  are  described  upon  the  follo¥dng 
pages. 

These  remarks  will  serve  to  indicate  the  methods  by  which  geologists 
reach  the  conclusions  they  put  forward.  While  many  of  these  conclusions 
are  full  and  satisfactory,  it  is  not  to  be  denied  that  many  important  prob- 
lems still  await  solution;  and  that,  in  many  cases,  the  order  of  past 
events  is  obscure  or  the  geological  record  of  them  is  abruptly  broken. 
Considering  the  circumstances,  however,  the  minuteness  and  accuracy 
of  the  geological  history  which  has  been  read  in  the  rocky  strata 
of  the  earth  are  truly  surprising.  While  the  student  of  the  phys- 
ical geogn^hy  of  the  present  day  defines  the  features  of  the  earth  as 
they  now  are,  the  geologist  catches  here  and  there,  through  the  ages 
that  have  passed,  a  multitude  of  glimpses  of  the  features  that  our  old 
earth  has  put  on  and  worn  for  a  time,  and  then  laid  aside;  of  broad 
seas  whose  boundaries  were  &r  from  those  which  are  known  to  modem 
geography,  and  whose  waters  teemed  with  strange  forms  of  life ;  of  the 
rise  of  continents,  where  once  were  only  islands  or  a  shoreless  sea ;  of 
mountain  ranges  that  rose  in  grandeur,  and  then  slowly  w^ted  away  to 
their  very  bases  by  the  corroding  action  of  the  elements*,  of  broad  regions 
covered  with  verdure  and  peopled  with  a  wonderful  wealth  of  animal  life. 
With  these  hints  concerning  the  methods  of  reasoning  adopted  by  geolo- . 
gistB,  I  may  now  present  some  remarks  concerning  the  physical  conditions 
which  are  thus  understood  to  have  prevailed  during  the  Carboniferous  age 
and  while  the  animals  were  living  whose  fossil  remains  are  described  on 
following  pages. 

When  the  name  "Carboniferous"  was  first  chosen  for  the  great  system 
of  stratified  rocks  that  succeeds  those  of  the  Devonian  age,  it  was  sup- 
posed that  all  the  mineral  coal  of  the  earth  was  contained  within  it,  and 
the  name  was  chosen  in  consequence  of  that  opinion.  A  coal-like  sub- 
stance, called  lignite,  was  then  known  to  exbt  in  comparatively  small 
quantities  in  difierent  formations  of  much  later  geological  age  than  the 
Carboniferous;  but  these  deposits  were  regarded  as  unimportant  and 
the  coal  was  believed  to  be  inconsiderable  in  ^mount.  The  idea  then 
prevailed  that  during  the  Carboniferous  age,  peculiar  conditions  ex- 
isted for  the  abundant  growth  of  vegetable  life  such  as  the  earth  never 
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knew  before  and  has  never  known  since.  As  our  knowledge  of  the  geol- 
ogy of  the  earth  has  increased,  however,  so  much  coal  has  been  found  in 
strata  other  than  those  of  the  Carboniferous  age,  that  it  has  become  a 
question  whether  more  than  half  of  the  known  coal  of  the  earth  is  referable 
to  that  age.  All  the  coal  of  the  numerous  and  important  mines  that  have 
been  opened  in  western  North  America,  west  of  the  100th  meridian,  is 
obtained  from  strata  none  of  which  are  older  than  the  Cretaceous  period ; 
and  its  origin  is,  therefore,  of  much  later  date  than  the  close  of  the  Car- 
boniferous age.  It  is  now,  also,  known  that  immense  quantities  of  coal  of 
much  later  origin  than  the  Carboniferous  age  exist  in  other  parts  of  the 
world,  notably  in  China.  The  following  extract  from  a  chapter  by  the 
eminent  geologist,  Dr.  Newberry,  in  Pumpelly's  Geological  Researches  in 
China,  Mongolia,  and  Japan,  presents  this  fact  in  a  clear  light:  ''We 
have,  of  course,  no  right  to  assume  that  no  Carboniferous  coal  exists  in 
China,  for  it  may  very  well  happen  that,  as  in  our  own  country,  coal 
seams  of  economic  value,  but  of  different  ages,  will  be  found  there  at 
points  not  greatly  removed  from  each  other.  But  geologists  will  not  fail 
to  be  deeply  interested  in  the  fact  that  so  large  portions  of  the  coal  basins 
of  China,  including  beds  of  both  antharcite  and  bituminous  coal — worked 
for  hundreds  of  years,  probably  the  oldest  coal  mines  in  the  world — are 
wholly  excluded  irom  the  Carboniferous  formation.  So  large  is  this  coal- 
bearing  area,  indeed,  that,  when  joined  to  the  Triassic,  Cretaceous,  and 
Tertiary  coals  of  North  America,  they  quite  overshadow  the  Carbonifer- 
ous coals  of  Europe  and  the  Mississippi  Valley,  and  suggest  the  question, 
whether  the  name  given  to  the  formation  which  includes  the  most  import- 
ant European  strata  has  not  been  somewhat  hastily  chosen." 

Moreover,  there  are  large  regions  in  different  parts  of  the  earth  where 
the  strata  of  the  true  Carboniferous  age,  known  to  be  such  by  the  charac- 
ter of  the  fossils  they  contain,  are  found  to  contain  no  coal.  Still  the 
name  **  Carboniferous" — coal-bearing — remains  as  a  proper  name  for  this 
system  of  rocks,  wherever  it  may  be  found,  although  its  strata  may  con- 
tain no  coal ;  and  even  though  strata  of  another  geological  age  in  the 
same  region  may  contain  an  abundance  of  coal.  These  facts  make  it 
clearly  apparent  that  the  mere  presence  of  coal  in  any  strata,  is,  of  itself, 
no  indication  of  their  geological  age,  and  it  will,  therefore,  be  readily  un- 
derstood that  the  only  true  indication  of  the  geological  age  of  any  forma- 
tion is  furnished  by  the  fossil  which  it  may  contain.  Hence,  the  import- 
ance of  paleontology  in  the  study  of  the  gec^ogy  of  any  region. 

As  regards  the  coal  of  Indiana,  it  all  belongs  to  the  true  Carboniferous 
age,  and  no  strata  of  the  geological  age  of  those  which  contain  the  coal 
of  western  North  America  exist  in  this  State.  In  the  further  discussion 
of  this  subject,  therefore,  I  shall  have  reference  to  strata  of  the  Carbon- 
iferous age  alone. 

Those  who  have  studied  the  fossils  of  the  Mesozoic  and  Tertiary  periods 
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— ^that  b,  the  geological  periods  which  suoceeded  those  of  the  Carbonifer- 
ous age — are  iamiliar  with  the  &4it  that  there  is  great  diversity  of  the 
specie  of  those  fossils  in  the  various  regions  of  the  earth ;  that  is,  the 
number  of  species  belonging  to  any  given  one  of  those  periods  which  are 
found  in  more  than  one  of  the  grand  divisions  of  the  earth,  is  very  small, 
and  a  large  proportion  of  the  species  are  apparently  confined  to  a  small 
area.  In  the  case,  however,  of  the  fossils  which  characterize  the  Carbon- 
iferous age,  we  find  many  of  them  to  have  an  almost  world-wide  distribu- 
tion. For  example,  several  of  the  species  which  occur  in  the  Coal  Meas- 
ure rocks  of  Indiana  are  notr  only  found  in  other  and  widely  separated 
parts  of  our  own  country,  but  they  occur,  also,  in  the  Qurboniferous  strata 
of  South  America,  Europe,  and  Asia.  This  fact  indicates  that  a  far 
greater  uniformity  of  conditions  then  existed  all  over  the  earth  than  existed 
in  the  subsequent  periods,  or  than  exists  at  the  present  time ;  that  is,  the 
conditions  were  sufficiently  alike  in  different  parts  of  the  earth  to  ^Uow  of 
a  great  uniformity  of  animal  life.  But  since  coal  is  found  in  only  a  part 
of  the  whole  series  of  strata  which  make  up  the  Carboniferous  system, 
and  in  certain  regions  coal  does  not  exist  at  all  among  its  strata,  although 
the  characteristic  fossUs  are  there,  it  is  plain  that  the  precise  conditions 
which  resulted  in  coal  making  were  not  everywhere  uniform.  Indeed,  it 
is  certain  that  in  large  portions  of  those  regions  of  the  earth  within  which 
deposits  of  stratified  rocks  were  produced  during  the  Carboniferous  age, 
no  coal  whatever  was  produced.  It  is,  also,  true  that  within  those  areas 
where  coal-forming  material  was  accumulated,  the  conditions  &vorable  for 
its  production  alternated  with  unfifivorable  conditions,  so  that  beds  of  coal 
alternate  with  beds  of  limestone  or  sandy  and  clayey  layers. 

Coal  is  unquestionably  of  vegetable  origin ;  and,'  although  traces  of 
vegetable  structure  are  not  always  distinguishable  in  it,  fragments  of 
plants  like  those  which  contributed  to  its  production  are  found  scattered 
in  the  layers  which  are  associated  with  the  coal  beds.  Alternating  with 
the  coal  beds  are  strata  composed  of  sandy  and  clayey  shales,  together  with 
limestones  and  sandstones,  which  strata  make  up  the  great  bulk  of  the 
Coal  Measures.  These  strata  contain  the  fossil  remains  which  character- 
ize the  formation.  In  some  of  the  layers,  as  before  stated,  remains  of 
plants  are  found;  but,  in  others,  fossil  shells,  corals,  etc.,  prevail,  some- 
times abundantly.  It  is  plain  that  the  plants  must  have  grown  upon  the 
land,  and  that  the  animals  which  formed  the  shells  and  corals  lived  in 
the  waters  in  which  the  strata  were  deposited,  and  their  characters  show 
plainly  that  those  waters  were  marine.  The  abundance  of  vegetable 
matter  that  it  must  have  required  to  produce  such  extensive  beds  of  coal, 
the  character  of  the  coal  beds,  and  their  freedom  from  extraneous  sub- 
stances, and  the  character,  also,  of  some  of  the  associated  strata,  show 
that  the  vegetation  in  question  grew  upon  the  very  surfaces  upon  which 
we  now  find  their  remains  in  the  form  of  coal.    The  character  of  the 
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vegetation  whose  remains  we  find,  that  of  the  material  composing  the 
layers  which  enclose  them,  and  that  of  some  of  the  animal  remains  which 
those  layers  also  enclose,  show  that  the  coal-producing  vegetation  grew  in 
immense  marshes,  only  slightly  raised  above  the  level  of  the  sea.  It  is 
hardly  to  be  questioned  that  coal  was  in  the  condition  of  peat  in  the  first 
stage  of  its  production,  and  that  this  peat  was  produeed,  ae  peat  always  is, 
by  the  partial  decomposition  of  v^etable  matter  under  water,  or  in  a 
state  of  constant  moisture. 

Now,  these  conditions  being  understood,  the  following  conclusions  nec- 
essarily follow :  In  every  region  that  is  now  a  coal  field  there  were,  dur- 
ing the  period  in  which  the  material  was  produced  of  which  the  coal  was 
formed,  oscillations  of  the  earth's  crust;  that  is,  there  were  gentle  and 
wide  spread  risings  and  sinkings  of  the  crust,  in  consequence  of  which 
the  land  surface  remained  for  a  long  time  just  above  the  level  of  the  sea; 
then,  sinking,  it  remained  for  a  long  time  beneath  its  level.  These  ris- 
ings and  sinkings  were  repeated  as  often  as  there  are  separate  beds  of  coal, 
however  thin  or  economically  unimportant  they  may  be.  While  the  land 
surface  was  just  above  the  level  of  the  sea  in  the  Carboniferous  age,  veg- 
etation grew  most  luxuriantly,  and,  fipom  its  debris,  peat  beds  of  enor- 
mous thickness  and  extent  were  formed.  When  the  land  gradually  sank 
again  beneath  the  sea  level,  these  peat  beds  were  covered  with  sediment- 
ary material,  which  aflerward,  as  the  ages  passed,  became  changed  to 
the  condition  of  shales,  sandstones,  and  limestones  that  we  now  find  them 
to  be,  and  the  peat  became  changed  to  coal.  We  find  those  shales,  sand- 
stones, and  limestones  charged  with  foesil  remains  of  such  a  character  as 
to  show  that  both  they  and  the  strata  which  enclose  them  are  of  marine 
origin. 

Such  is  a  statement  of  the  leading  features  of  the  conditions  which  pre- 
vailed during  the  coal-forming  period  of  the  Carboniferous  age.  Such 
conditions  prevailed  over  a  large  area  which  is  now  included  in  the  North 
American  continent,  and  of  which  a  large  portion  of  Indiana  now  forms  a 
part.  As  before  stated,  the  coal-making  conditions  did  not  prevail  every- 
where during  the  Coal  Measure  period ;  but  they  occurred  in  circumscribed, 
yet  very  extensive,  areas.  It  is  believed  by  geologists,  that  the  great  area 
in  which  the  coal  of  Indiana  was  deposited  once  extended  from  eastern 
Pennsylvania  to  beyond  the  Missouri  ^iver,  and  ftom  Michigan  to  the 
northern  portion  of  the  Gulf  States.  Coal  has  been  found  among  Car- 
boniferous strata  as  fi^r  west  as  eastern  Nebraska  and  Kansas,  but  with 
insignificant  exceptions,  it  has  never  been  found  in  any  strata  of  the 
Carboniferous  age  to  the  westward  of  that  region,  although  the  ag- 
gregate thickness  of  the  strata  of  the  Carboniftrous  system  is  very 
much  greater  in  that  far  western  region  than  it  is  anywhere  east  of 
the  Missouri  River.  In  that  jH^estem  legion,  the  strata  are  almost 
wholly  of  marine  origin ;   and  as  they  consist  almost  entirely  of  sand- 
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stones  and  limestones,  without  ooal  or  carbonaceous  shales,  it  is  plain  that 
conditions  favorable  to  the  abundant  growth  of  vegetation  did  not  exist 
there  in  any  portion  of  the  Carboniferous  age.  That  is,  while  the  coal- 
plant  forests  of  the  eastern  portion  of  the  continent  were  growing  luxu- 
riantly, the  unbroken  sea  prevailed  over  what  is  now  the  western  portion, 
or  at  least  over  that  part  of  it  which  is  found  to  be  occupied  by  Carbonif- 
erous strata.  In  those  western  marine  Carboniferous  strata  very  many  of 
the  fossil  species  are  identical  with  those  which  are  found  in  Indiana,  in 
strata  which  alternate  with  beds  of  coal.  We,  therefore,  infer  that  while 
those  portions  of  Indiana  which  are  now  occupied  by  the  Coal  Measures 
were  beneath  the  levd  of  the  sea,  the  waters  which  submerged  them  were 
continuous  to  that  &rK)£r  western  region.  Indeed,  as  I  have  before 
shown,  it  was  doubtless  then  continuous,  also,  over  a  large  part  of  the 
earth. 

Now,  let  us  inquire  as  to  the  character  of  the  life  that  existed  during 
the  time  within  which  the  Coal  Measures  of  Indiana  were  formed,  and 
within  the  area  which  now  oonsiitates  the  great  coal  field  of  eastern  North 
America.  If,  during  that  period,  there  were  mountains  upon  any  part  of 
what  is  now  the  North  American  continent,  they  were  far  to  the  north- 
ward and  northeastward ;  at  least,  it  is  certain  that  none  of  the  mountains 
that  now  make  up  either  of  the  great  mountain  systems  of  North  America 
then  existed.  During  that  portion  of  the  long  Carboniferous  age,  when 
and  where  the  land  was  above  the  level  of  the  sea  it  was  clothed  with  a 
luxuriance  of  vegetation,  such,  perhaps,  as  the  earth  has  never  witnessed  at 
any  other  period  of  its  history.  Trees  of  strange  form  sent  up  their  tow- 
ering tnmks  above  the  dense  undergrowth,  but  no  birds  perched  in  their 
branches,  nor  waded  the  marshes  or  swam  in  the  pools  among  them.  A 
few  reptiles  and  batrachians  lived  there,  but  reptilian  life  seems  not  yet 
to  have  gained  much  of  a  foothold  upon  the  earth,  especially  compared 
with  it  as  it  afterward  became.  None  ot  the  mammalia,  the  chief  forms 
of  the  animal  life  of  the  present  day,  had  yet  come  into  being  so  fi^ir  as  we 
yet  know.  Insects  and  Myriapods  lived  then,  and,  probably,  in  great 
abundance,  for  their  means  of  subsistence  abounded  in  the  bountiful  veg- 
etation, and  their  natural  enemies  were  remarkably  few.  The  earth  was 
then  a  great  solitude,  and  the  reigning  stillness  was  perhaps  broken,  in 
the  intervals  of  storms,  only  by  the  hum  of  insects  and  the  bellowing  of 
frog-like  batrachians.  Where  the  sea  prevailed  during  all  this  long  period, 
its  waters  teemed  with  life.  Fishes  were  there ;  some  of  them  large  and 
^werful,  but  all  were  unlike  the  scaly  fishes  of  to-day.  MoUusks  in  great 
abundance,  and  corals  of  delicate  beauty  existed;  and  a  diversity  of 
crustaceans  nestled  and  sported  among  the  seaweeds  or  crept  along  the 
oozy  bottom.  4 

Coal-making  conditkms  did  not  apparently  begin  with  the  beginning 
of  the  Carboniferous  period.     The  earliest  known  coal  beds  were  not 
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formed  until  near  the  cloee  of  the  Lower  Carboniferous  period,  and  at 
a  time  when  fidly  one-third  of  ^lie  great  Carboniferous  age  had  passed ; 
and  the  coal-making  condition  was  not  fully  estaUished  until  the  mid- 
dle, or  Coal  Measure,  period  of  that  age.  Marine  conditions,  apparently, 
alone  prevailed  during  the  Lower  Carboniferous  period.  Its  &una  was 
similar  to  the  marine  &una  of  the  Coal  Measure  period — a  portion  of  the 
fossil  remains  of  which  are  figured  on  plates  accompanying  this  report. 

The  foregoing  remarks  are  intended  to  convey  to  the  general  reader  an 
idea  of  the  character  and  significance  of  the  fossil  remains  I  shall  describe 
on  following  pages.  It  would  require  a  series  of  volumes  to  illustrate  ail 
the  forms  that  are  now  known  to  have  existed  during  the  Coal  Measure 
period  alone.  In  this  article  I  shall  necessarily  confine  myself  to  a  con- 
sideration of  the  fossil  shells,  corals,  and  crustacean  remains  that  have 
been  found  in  the  Coal  Measure  strata  of  Indiana  and  those  of  the  adja- 
cent States.  I  have  aimed  to  select  those  only  which  may  be  reasonably 
looked  for  in  Indiana,  but  far  the  greater  part  of  them  have  actually  been 
ibund  in  its  strata.  Many  of  the  figures  have  been  borrowed  from  works 
previously  published,  but  they  are  nevertheless  correct  representations  of 
forms  that  exist  in  the  strata  of  Indiana  and  representatives  of  the  an- 
cient life  of  a  region  of  which  this  State  now  forms  only  a  small  part. 


Fauna  of  the  Coal  Measures. 


DESCRIPTION  OF  SPECIES. 
PROTOZOA. 

The  Protozoa  are  not  very  numerous  in  the  Coal  Measures  of  the 
United  States,  or,  at  least,  they  are  not  conspicuous  objects  to  the  general 
collector.  Protozoan  life  doubtless  abounded  during  the  Coal  Measure 
period,  but  the  calcareous  shells  of  the  Foraminifera  appear  to  be  the 
only  forms  that  have  been  preserved.  The  only  conspicuous  species  (or 
the  o^y  one  which  is  likely  to  attract  the  attention  of  the  general  col- 
lector) is  the  one  which  is  described  in  the  following  paragraphs. 

FORAMINIFERA. 
Grenus  Fusulina,  Fischer, 
FusuuNA  CYLiNDRiCA,  Fischer,  ' 

PlaJUi  23,  figs,  1,  2  and  3.  # 

FuBULiMA  OTLixDMOA.    VarioiM  Earopean  and  American  authors. 

Shell  small,  varying  in  shape  from  elongate-fusiform  to  subglobose,  and, 
pid/^  varving  greatly  in  size ;  the  extremities  usually  somewhat  prominent. 
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even  in  the  subglobose  forms,  and  have  the  appearance  of  being  some- 
what twisted ;  sur&ce  marked  by  five  longitudinal  furrows,  which  mark 
the  position  of  the  septa,  and  which  are  straight,  except  that  they  are  a 
little  flexed  at  the  ends;  aperture  very  small,  and  usually  obscured  by 
the  imbedding  rock;  volutions  six  to  ten  in  number,  closely  coiled,  the 
interspaces  narrow;  septa  from  twenty  to  thirty  or  more  in  the  outer 
volution,  undulating  along  their  inner  edge ;  the  foramina  of  the  septa,  or 
foramen  apertures,  moderately  distinct  in  specimens  that  are  well  pre- 
served. 

The  common  size  and  shape  of  specimens  of  this  species  is  closely  like 
that  of  a  grain  of  a  wheat,  but  they  are  often  found  very  much  smaller,* 
and  sometimes  larger  and  longer,  and  both  more  slender  and  more  globose. 

This  interesting  form  is  not  only  common  in  the  Carboniferous  rocks  of 
various  parts  of  Europe,  but  it  is  found  in  the  Coal  Measure  strata  of  the 
United  States,  from  Ohio  to  California.  It  may  be  sought  for  at  Lodi, 
Fountain  county,  Indiana,  in  the  limestone  roof  of  coal  K. 

CCELENTERATA. 

POLYPI. 

As  a  large  proportion  of  living  Polyps  form  no  coral  skeletons,  it  may 
be  inferred  that  many  kinds  of  Pol3rps  existed  in  the  Coal  Measure  and 
in  other  geological  periods,  which  have  left  no  trace  of  their  existence  in 
the  rocks  which  represent  those  periods.  In  strata  of  some  of  the  periods 
fossil  corals  are  abundant,  but,  although  a  considerable  number  of  widely 
differentiated  forms  are  found  in  Coal  Measure  strata,  they  are  seldom 
found  to  constitute  a  conspicuous  feature  of  the  fossil  fiiuna  of  that  form- 
ation. I  herewith  present  descriptions  of  five  species  of  fossil  corals,  all 
of  which  are  more  nearly  related  to  forms  which  existed  in  the  previous 
geological  formations  than  they  are  to  any  that  are  now  found  living. 

Genus  Zaphrentis,  Rqfinesque. 

Zaphrentis  Gibsoni  (sp.  nov.) 

PiaU  23,  figs,  4  and  5. 

Corallum  curved,  conical  in  form  ;  its  outer  surface  marked  by  concen- 
tric lines  and  numerous  strong  wrinkles  of  growth,  and  also  by  numerous 
distinct  longitudinal  raised  lines ;  calyx  subcircular,  deep,  and  its  edges 
thin ;  septal  fosset  well  developed,  and  situated  at  the  concave  side  of  the 
corallum ;  septa  thirty-six  to  forty  in  number,  prominent,  and  thin  within 
the  calyx. 

Length,  along  the  longest  side,  32  mm.;  diameter  of  the  calyx,  25  mm. 

This  is  plainly  a  tjrpical  species  of  ZaphrerUiSy  and,  so  &r  as  I  am  aware, 
it  is  the  only  species  of  that  genus  which  has  been  found  in  the  true  Coal 

*In  Indian*,  it  is  rarely  larger  than  half  the  siie  of  a  grain  of  wheat  .  0. 
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Measures  of  the  United  States,  although  the  genus  is  well  represented  in 
the  Lower  Carboniferous.  It  resembles  in  shape  Z.  apinnljfera,  Hall, 
from  the  Lower  Carboniferous  limestone,  but  it  is  without  spines,  its  pro* 
portions  are  somewhat  different,  and  the  calyx  is  deeper. 

Locality,  The  specimen  herein  described  and  figured  was  obtained  from^ 
the  Coal  Measure  strata  of  Vermillion  county,  Indiana,  by  Mr.  Williano 
Gibson,  in  whose  honor  the  specific  name  is  given. 

Genus  Lophophyllum,  Edtvards  and  Haime. 

LOPHOPHYLLUM   PROLIFERUM,  McChesuey, 
Plaie23,fig$.6and7. 

Corallum  subconical-elongate,  more  or  less  curved ;  more  or  less  irregu* 
lar  in  form ;  base  slender,  usually  pointed ;  epitheca  thin ;  concentric  line» 
and  wrinkles  of  growth  distinct,  especially  the  latter ;  longitudinal  stria» 
distinct;  a  few  spinules  sometimes  observable  near  the  slender  base;  calyx 
subcircular,  moderately  deep;  columella  strong,  prominent,  compressed 
so  that  its  longer  axis  is  in  the  plane  of  the  curve  of  the  corallum ;  septa 
varying  in  number  with  the  size  of  the  coraUum,  from  about  thirty  to 
nearly  or  quite  fifty,  each  alternate  one  much  less  prominent  than  the 
others,  the  latter  extend  to  the  columella,  near  which  they  are  usually  a 
little  flexed. 

Different  specimens  are  variable  in  proportions ;  a  common  size  is  18  or 
20  mm.  long  and  10  mm.  across  the  calyx.* 

This  species  is  a  very  common  one  in  the  Coal  Measures  of  Indiana, 
Illinois,  and  Iowa.  A  more  slender  form  than  the  one  here  described 
occurs  in  Illinois  and  Indiana,  to  which  Professor  Worthen  has  given  the. 
name  Oyaihaxania  distorta.  To  a  larger  and  more  robust  form  I  have 
given  the  name  LophophyUum  sauridens. 

Locality.     Common  throughout  the  Coal  Measures. 

Genus  Axophyllum,  Edwards  and  Haime, 

AxoPHYLLUM  RUDI8,  WhxU  and  St,  John, 

PlaU  23,  figf,  8  and  9. 

Axophyllum  rudib,  VHiUt  and  St.  John,  1867.    Trans.  Chicago  Acad.  Sci.,  I,  p.  115. 

Corallum  irregularly  turbinate,  more  or  less  contorted ;  attached  at  the 
apex  or  along  the  greater  part  of  its  length,  usually  expanding  rapidly 
from  the  apex  to  the  calyx ;  surface  marked  by  irregular  concentric  undu- 
lations of  growth,  by  faint  longitudinal  lines  which  indicate  the  position 
of  the  septa,  and  often  by  more  or  less  numerous  irregular  rootlets ;  outer 
portion  of  the  calyx  shallow,  central  portion  moderately  deep ;  columella 
small,  somewhat  prominent,  flattened. 

^Indiaoa  species  are  three  or  four  times  as  long  as  wide.  C' 
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The  size  of  the  specimens  is  somewhat  variable.  An  example  of  ordi- 
nary size  measures  20  mm.  in  length  and  12  mm.  across  the  rim  of  the 
calyx. 

This  species  is  not  uncommonly  met  with  in  the  Upper  Coal  Measures 
of  Indiana,  Illinois,  and  Iowa.  It  is  sometimes  found  as  a  single  simple 
corallum,  but  it  not  unfrequently  occurs  in  clusters,  which  have  originated 
from  a  parent  corallum  by  lateral  gemmation;  and  the  new  coralluros 
are  often  more  or  less  bound  together  by  their  rootlets. 

Locality.  The  specimens  figured  are  from  Newport,  Indiana.  These 
are  rather  smaller  than  the  average  size. 

Genus  Campophyllum,  Edwards  and  Haime. 

Campophyllum  torquium,  Otoen. 
Bate  2Z,fig$.  10,  11,12  and  IS. 

Ctathopbtlluii  torqcium,  (heen,  1852.    Qeol.  Sur.  Wis.,  Iowa  and  Minn.,  plate  IV,  fig.  2. 
Oampophtllum  torquium,  Mukf  1872.    U.  S.  Qeol.  Sur.  Nebraska,  p.  145,  pi.  I,  fig.  I. 

Corallum  simple,  moderately  large,  having  one  or  more  abrupt  flexures 
in  the  first  five  or  six  centimeters  of  its  length ;  but,  beyond  that,  it  is 
subcylindrical  and  approximately  straight  when  full-grown;  epitheca 
thin;  surface  marked  by  concentric  lines  and  numerous  wrinkles 4  calyx 
fiubcircular,  shallow  at  the  outer  portion,  but  deepening  abruptly  at  the 
middle ;  margins  of  the  calyx  thin ;  a  moderately  distinct  septal  fosset  is 
observable  at  the  side  of  the  calyx,  near  the  convex  curve  of  the  coral- 
lum ;  primary  septa  from  thirty  to  fifty  in  number,  extending  a  little  more 
than  half  the  distance  from  the  margin  of  the  calyx  to  its  center,  moder- 
ately strong;  secondary  septa  short,  thin,  and  inconspicuous;  tabulsQ  very 
wide,  occupying  about  two-thirds  the  full  diameter  of  the  corallum,  some- 
what irregular,  but  all  arching  a  little  upward;  dissepiments  forming 
a  multitude  of  small  oblique  vesicles  between  the  radiating  septse. 

Large  examples  reach  150  mm.  or  more  in  length,  and  have  a  diameter 
of  35  or  40  mm.;  but  the  ordinary  size  is  less. 

This  coral  has  hitherto  been  found  only  in  the  Upper  Coal  Measures  or 
Permo-Carboniferous  strata.  It  is  common  in  Iowa,  Missouri  and  Ne- 
braska, is  known  in  Illinois,  and  is  likely  to  be  found  in  Indiana  in  Sulli- 
van and  Vigo  counties,  on  and  west  of  the  Wabash. 

Genus  Michblinia,  de  Koninck. 
MiCHELiNiA  Eugenes  (sp.  no  v.) 

PtaU  23,  figf.  14,  15  ami  16. 

Corallum  usually  in  the  form  of  a  small  globular  or  irregularly  ovoid 
mass,  higher  than  broad,  with  the  corallites  usually  opening  upon  all 
sides,  except  its  very  small  base,  which  is  often  concave  and  irregular ; 
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corallites  small,  but  very  irregular  in  size  and  shape ;  calyces  moderately 
deep,  their  walls  rather  thin  and  margins  narrow  or  even  sharp. 

Height  of  one  of  the  larger  masses  in  the  collection  26  mm.;  transversa 
diameter  of  the  same,  17  mm.  Diameter  of  the  larger  calyces,  3  mm.; 
of  the  smaller  ones,  1  mm. 

Usually  the  calyces  cover  the  whole  outer  surface  of  the  corallum  ex- 
cept the  small  base,  which  was  evidently  attached  to  some  foreign  body ; 
but  occasionally  a  considerable  sur&ce  above  the  base  is  free  from  calyces 
and  is  covered  with  a  wrinkled  epitheca.  This  is  the  only  species  of 
Michdiniaf  so  far  as  I  am  aware,  that  has  ever  been  found  in  the  Ck)ai 
Measure  strata  of  North  America,  although  two  or  three  species  are 
known  to  exist  in  the  Lower  Carboniferous  rocks.  It  is  likely  that  the 
Favmtes  Whi^di,  White,  from  the  Kinderhook  group  at  Burlington, 
Iowa,  will  prove  to  be  a  species  of  Michdinia,  If  so,  it  somewhat  resem-^ 
bles  the  form  here  described  in  the  smallness  of  the  corallites,  but  not  in 
the  shape  of  the  corallum. 

Locality,  Edwardsport,  Knox  county,  and  Eugene,  Vermillion  county^ 
Indiana,  and  one  or  two  localities  in  Illinois. 

BRACHIOPODA. 

The  Brachiopoda  are  among  the  most  abimdant  and  characteristic  fossils 
of  the  Carboniferous  rocks.  At  the  close  of  this  age,  a  large  proportion 
of  the  genera,  and  also  some  of  the  families  that  flourished  in  this  and  the 
preceding  age,  ceased  suddenly  to  exist.  In  all  the  rocks  of  Mesozoic  and 
Cenozoic  age,  and  also  in  existing  seas,  Brachiopods  are  among  the  least 
abundant  of  shell-bearing  animals. 

Genus  Lingula,  Bruguiere, 

LiNGULA   UMBONATA,  Cox. 

Hate  25,  fig.  14. 
LiNOULA  UMBOKATA,  CoXf  1857.    Gool.  Sur.  Kentucky,  vol.  Ill,  p.  576,  pi.  X,  fig.  4. 

Shell  subelliptical  in  outline,  a  little  narrower  behind  the  mid-length 
than  in  front  of  it ;  the  sides  broadly  convex ;  anterior  and  posterior  ends 
both  rounded ;  the  body  of  the  shell  gently  and  somewhat  regularly  con- 
vex, but  the  umbo  narrow  and  more  prominent;  beak  narrow,  minute. 

This  shell  is  evidently  identical  with  the  Ldngula  umbonata  of  Cox, 
although  the  flattening  along  the  middle  is  not  so  distinct  as  it  is  repre- 
sented to  be  by  his  figure. 

Locality,  Cox's  specimens  were  obtained  in  Kentucky.  Those  here 
described  and  figured  are  from  Vermillion  county,  Indiana. 
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Grenus  Dibcina,  Lamarck, 

DiSCINA  NITIDA,  PhiUipS. 
Plate  25,  fig.  10. 

Orbicula  NITIDA,  PkiUip0,    Qeol.  of  Yorkshire,  II,  p.  2Z1,  pi.  XI,  figi.  10-13. 

DisciNA  NITIDA  (Phillips),  Mtek  and  Wortken,  IHinois  Geol.  Reports,  V,  p.  572,  pi.  25,  flg.l. 

Shell  small,  subcircular,  depressed-conical;  the  sides  sloping  nearly 
straight  from  the  apex  to  the  margins;  apex  prominent,  situated  at  about 
one-third  the  diameter  of  the  shell  from  the  posterior  border ;  lower  valve 
£at,  with  the  usual  depression  around  the  foramen ;  surface  of  both  valves 
marked  by  concentric  lines  and  fine  lamellations.  ^ 

Diameter  of  an  average  sized  example  about  8  mm. 

Locality.  This  small  Discina  is  common  in  the  Coal  Measures  of  In- 
-diana,  Illinois,  Iowa  and  Missouri ;  abundant  at  Cannelton  and  Horse 
Shoe,  of  Little  Vermillion. 

Discina  convexa,  Shumard. 

PhU  25,  fig.  9. 

Discina  oontsxa,  Shumardt  1858.   Traos.  St.  Louis  Acad.  Soi^  It  P.  221. 

Upper  valve  broadly  but  somewhat  prominently  convex;  sub-circular 
in  marginal  outline ;  the  height  nearly  equal  to  one-half  the  diameter ; 
apex  somewhat  obtuse,  but  moderately  prominent,  situated  at  about  one- 
third  the  diameter  of  the  shell  from  its  posterior  margin ;  surface  marked 
by  the  usual  distinct  concentric  lines  of  growth.  A  smaller  under  valve 
was  found  at  the  same  locality  with  the  upper  valve  above  described,  and 
probably  belongs  to  this  species.  It  shows  a  similar  surfiu^,  which  is 
nearly  flat,  but  it  is  depressed  about  the  foramen,  which  is  of  the  usual 
character;  the  foramen  is  situated  just  beneath  the  position  of  the  beak 
of  the  upper  valve. 

Diameter  of  the  upper  valve,  just  described,  27  mm.;  height,  12  mm. 

LoeaUty.  Dr.  Shumard's  specimens  were  from  the  Upper  Coal  Meas- 
tures  of  Kansas.  Those  here  described  are  from  Vermillion  county,  In- 
diana. 

Genus  Crania,  ReUiua. 

Crania  modesta,  White  and  St.  John. 

PlaU  35,  fig.  9,  andpUUeS6,  fig.  5. 

Crania  modksta,  W.  and  St.  /.,  1867.   Trans.  Chicago  Acad.  Sci.,  I,  p.  118. 

The  type  specimen  of  this  species  was  free,  and  both  valves  were  to- 
gether in  place,  but  the  specimens  of  this  collection  all  appear  to  have 
been  attached  to  some  foreign  object  by  the  lower  valve ;  the  upper  valve 
is  moderately  convex,  and  the  lower  flat;  both  marked  by  concentric 
lines  of  growth.     The  only  examples  in  this  collection  are  under  valves 
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attached  to  other  fossils,  and,  of  course,  show  only  the  inner  sur&oe. 
Figure  5,  plate  36,  shows  such  valves  adhering  to  a  fragment  of  Orthooe- 
ras  Rushemis,  and  figure  9,  plate  35,  shows  similar  valves  adhering  to  a 
specimen  of  Athyris  mbtUUa. 

Locality.  Eugene  and  Newport,  Vermillion  county,  and  at  Merom^ 
Sullivan  county,  Indiana. 

Genus  Productus,  Sowerby. 

Producttjs  Nebbascensib,  Oioen. 

Plate  24,>^  7,  8  and  9. 

Pboductus  Nsbrasokksis,  OivtHf  1852.    Geol.  Report  Wis.,  low*  and  Minn.,  p.  584,  pi.  V, 

fig.  3. 

Shell  of  about  average  size  for  a  species  of  this  genus ;  outline  in  front 
of  the  cardinal  border  rudely  semi-elliptical ;  length  usually  less  than  the 
breadth ;  cardinal  border  generally  a  little  less  in  length  than  the  greatest 
breadth  of  the  shell,  and  never  exceeding  it;  antero-lateral  margins 
strongly,  and  front  margins  broadly,  rounded,  in  the  latter  sometimes  a 
little  emarginate  at  the  middle ;  postero-lateral  margins  somewhat  straight- 
ened upon,  and  in  front  of  the  ears,  meeting  the  cardinal  border  at  a  some- 
what obtuse  angle ;  ears  small,  seldom  prominent ;  ventral  valve  somewhat 
regularly  c(mvex  from  front  to  rear,  greatest  convexity  behind  the  middle ; 
umbo  prominent,  projecting  behind  the  hinge  line ;  beak  prominent,  in- 
curved a  little  over  the  cardinal  margin ;  a  mesial  flattening,  amounting 
sometimes,  but  rarely,  to  a  distinct  sinus,  extending  from  the  umbo  to 
the  front  margin ;  dorsal  valve  flattened  in  the  visceral  region,  the  antero- 
lateral and  front  portions  curving  abruptly  upward ;  beak  and  auricular 
regions  depressed  so  as  to  produce  a  slightly  raised,  rounded,  diverging 
fold  between  them  respectively,  at  each  side ;  mesial  fold  seldom  distinct 
and  perceptible  only  at  the  front;  surface  of  both  valves  covered  with 
numerous  spines  of  different  sizes,  but  all  very  small,  those  of  the  ven- 
tral valve  are  borne  upon  more  or  less  distinctly  defined  concentric  folds, 
and  may  be  divided  into  two  sets  or  kinds,  one  consisting  of  the  stronger 
and  more  erect  spines,  and  the  other  of  small,  short  ones,  the  latter  being 
closely  appressed  against  the  surface ;  both  kinds  are  more  or  less  con- 
nected by  means  of  numerous  raised  radiating  lines,  which  are  more  ap- 
parent upon  the  concentric  folds  than  upon  the  surface  of  the  interspaces. 

Length,  33  mm.;  breadth,  35  ram. 

This  species  is  a  common  one  in  the  Coal  Measure  strata  in  the  States 
of  the  great  Mississippi  valley,  from  Indiana  westward ;  and  it  is  frequently 
found  in  the  Carboniferous  strata  of  the  Rocky  Mountain  region.  As  it 
is  usually  obtained  from  a  limestone  matrix,  the  spines  and  outer  layer  of 
the  shell  are  removed.  Such  specimens  present  an  appearance  so  different 
from  that  of  those  which  have  been  perfectly  preserved  in  a  soft  matrix 
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that  thej  have  been  referred  to  different  species,  by  different  authors. 

See  further  remarks  in,  connection  with  the  description  of  the  next  species. 

Locality,     Fountain,  Vermillion,  Parke  and  Vigo  counties,  Indiana. 

Productus  symmetricus,  McChemey. 

Ptate2b,figs.l  and  2. 
Pboduotus  SYMVBTRICU8,  MeChntnep,  1666.   Trans.  Chicago  Acad.  Soi.,  I,  p.  25,  pi.  I,  fig.  9. 

Shell  suborbicular  in  marginal  outline,  the  breadth  being  a  little  greater 
than  the  length ;  the  cardinal  border  a  little  less  in  length  than  the 
greatest  breadth  of  the  shell ;  the  lateral  margins  rounding  regularly  to 
the  front  margin,  the  latter  being  broadly  rounded ;  ventral  valve  mod- 
•erately  convex,  without  a  mesial  sinus;  ears  not  distinctly  defined  from 
the  body  of  the  shell,  obtusely  angular  or  rounded  at  their  extremities ; 
beak  somewhat  prominent,  incurved  but  not  projecting  much  over  the 
cardinal  border ;  dorsal  valve  moderately  and  somewhat  uniformly  con- 
-cave;  cardinal  process  slender,  trifid  at  the  end,  the  middle  division  being 
a  little  more  prominent  than  the  other  two  ;  surface  of  both  valves  marked 
by  small  concentric  wrinkles  or  ridges,  which  are  covered  by  numerous 
short  minute  spines,  which  are  directed  obliquely  forward,  and  which  are 
somewhat  larger  upon  the  ventral  than  upon  the  dorsal  valve. 

Length,  50  mm.;  breadth,  52  mm.;  convexity,  21  mm.  But  these 
dimensions  vary  somewhat  in  different  specimens. 

This  form  seems  to  be  worthy  of  a  separate  specific  designation ;  but  it 
is  not  to  be  denied  that  it  is  closely  related,  on  one  hand,  with  P.  Nebras- 
«0iuia,  and  on  the  other  with  P.  pundaltuSf  both  of  which  species  are  also 
frequently  met  with  in  the  Coal  Measure  rocks  of  the  United  States.  It  is 
Also  clearly  related  to  P.  9cabrieulu8  of  the  European  Carboniferous. 
Being  associated  in  the  same  formation  with  the  two  first  named  species,  and 
possessing  so  many  points  of  resemblance  in  common  with  each  other,  the 
genetic  relationship  of  these  three  forms  would  seem  to  be  unquestionable ; 
and  yet  they  possess  differences  which,  for  both  zoological  and  geological 
reasons,  it  is  desirable  to  recognize.  The  differences  between  these  forms 
have  been  discussed  at  length  by  Mr.  Meek  in  Hayden's  Report  on  the« 
Oeology  of  Eastern  Nebraska,  and  in  Vol.  IV  of  King's  Reports  on  the 
Geology  of  the  40th  parallel.  In  the  latter  work,  he  has  proposed  the 
new  specific  name  P.  NevadensiSf  for  a  form  that  is  so  closely  like  P. 
pundatus  that  it  has  usually  been  regarded  as  identical. 

Locality,  McChesney's  type  specimens  of  P.  symmetricus ^  and  also  the 
one  which  is  figured  on  plate  25,  are  from  Coal  Measure  strata  in  Illinois; 
but  it  may  be  sought  for  in  Vermillion,  Vigo,  Sullivan,  Vanderburg,  Du- 
bois, Warrick  and  Pike  counties,  Indiana. 
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Productub  punctatus,  Martin. 
PtcUe^,fig8,  1,  2andZ. 

This  species  is  described  and  figured  in  this  series  of  reports  for  1881  ^ 
page  373,  plate  42,  figs.  1,  2  and  3.  For  the  purpose  of  grouping  the 
Coal  Measure  fossils  together  in  this  report,  that  description  is  repeated 
here. 

This  is  one  of  the  best  known  species  of  characteristic  CJoal  Measure 
fossils,  and  one  the  specific  identity  of  which  with  the  European  form  of 
that  name  has  never  been  seriously  questioned.  The  following  descrip- 
tion applies  to  the  species  as  it  exists  in  widely  separated  localities  in  the 
United  States. 

Shell  large,  test  thin ;  marginal  outline  varying  from  imperfectly  four 
sided,  the  narrowest  side  being  the  posterior  one,  to  subovate,  sometimes 
being  wider  than  long,  but  sometimes  longer  than  wide ;  cardinal  margin 
almost  invariably  shorter  than  the  width  of  the  shell  at  any  part  in  front 
of  it ;  anterior  border  broadly  rounded,  but  usually  a  little  emarginate  at 
the  middle;  sides  flattened,  by  which  means  the  lateral  margins  are  some- 
what straightened ;  ears  small ;  ventral  valve  broadly  arcuate  from  front 
to  rear,  in  which  direction  there  is  also  a  broad  mesial  flattening  of  the 
valve,  with  usually  a  shallow  but  somewhat  distinct  mesial  sinus  along  its 
middle ;  umbo  prominent,  narrow ;  beak  small,  incurved,  and  projecting 
slightly  over  the  cardinal  border ;  dorsal  valve  moderately  concave ;  beak, 
as  such,  wanting,  its  place  being  concave;  mesial  fold  ill  defined,  there 
being  only  a  slight  mesial  elevation  of  the  valve  extending  along  the  vis- 
ceral and  anterior  portions;  surface  of  both  valves  marked  by  rather 
numerous  and  regular  concentric  folds,  which  are  smaller  at  the  beak  and 
borders  than  elsewhere,  upon  adult  shells,  and  smaller  and  more  distinct 
upon  the  dorsal  than  upon  the  ventral  valve ;  interspaces  between  the 
concentric  folds  plain ;  folds  supporting  numerous  spines  of  varjdng  size^ 
but  all  minute  and  more  or  less  appressed  against  the  shell.     ' 

Length  of  the  example  figured,  which  is  of  adult  size,  67  mm.;  breadth 
of  the  same  at  the  broadest  part,  about  the  same  as  the  length. 
^     Locality,     Same  counties  as  foregoing. 

Productus  costatus,  Sowerhy, 
Plate  24,  fi^.  4,  o  and  6  ;  and  plate  25,  figs,  3,  4  and  5. 

The  form  here  described  is  the  one  which  has  usually  been  referred  to- 
the  European  shell  to  which  Sowerby  originally  gave  the  above  name. 
There  is,  however,  much  reason  to  doubt  its  real  specific  identity  with  the 
European  shell,  but  I  am  not  now  prepared  to  discuss  that  question  satis- 
factorily. 

The  shell  is  of  medium  size;  width  greater  than  the  length,  measured 
in  a  straight  line  from  the  hinge  to  the  front  border,  strongly  and  deeply 
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arcuate  from  rear  to  front ;  hinge  line  nearly  or  quite  equal  in  length  to 
the  greatest  width  of  the  shell;  ears  thin,  well  defined,  and  bent  slightly 
downward ;  free  margin  broadly  rounded,  the  front  being  slightly  emargi- 
nate ;  ventral  valve  gibbous  and  strongly  curved,  having  a  broad  shallow 
sinus  extending  from  the  umbonal  region  to  the  front,  producing  there  the 
before-mentioned  emargination  of  the  front  border ;  beak  prominent,  in- 
curved, but  only  slightly  projecting  over  the  cardinal  margin;  dorsal 
valve  flattened  or  only  slightly  concave  in  the  visceral  region,  abruptly 
curved  upward  at  the  lateral  and  front  margins ;  front  sliowing  a  very 
slight  mesial  fold,  corresponding  with  the  broad,  shallow  mesial  sinus  of 
the  other  valve ;  surface  of  both  valves,  except  that  of  the  ears,  marked 
by  distinct,  more  or  less  unequal,  rounded,  radiating  cost»,  with  inter- 
spaces of  somewhat  less  than  their  own  width  between  them ;  costse  gen- 
erally continuous  through  the  greater  part  of  the  length  of  the  shell,  but 
sometimes  bifurcating,  and  occasionally  two  or  more  of  them  may  be  seen 
to  coalesce  and  form  a  single  costa  of  more  than  ordinary  size ;  crossing 
the  costse,  especially  on  the  posterior  half  of  the  shell,  and  forming  dis- 
tinct reticulations  with  them,  are  more  or  less  numerous  concentric 
wrinkles;  upon  the  ventral  valve,  especially  toward  the  margins  and 
upon  the  ears,  there  are  usually  scattered  strong,  more  or  less  perpendicu- 
lar, spines.  Some  of  the  shells  are  apparently  nearly  free  from  spines,  or 
have  only  a  few  upon  and  near  the  ^rs^ 

Length,  28  mm.;  breadth,  34  mm.;  convexity,  18  mm. 

This  is  one  of  the  most  common  and  characteristic  species  of  the  Coal 
Measure  fossils  of  Indiana,  Elinois,  Iowa,  and  Missouri,  and  it  is  also  fre- 
quently met  with  in  the  Carboniferous  rocks  of  the  Rocky  Mountain 
region. 

It  ranges  in  the  Mississippi  valley  fix)m  the  Lower  Carboniferous  to  the 
Upper  Coal  Measures.  It  is  closely  related  to  P.  semiretictdatus^  Martin 
(the  next  species  described),  but  it  is  a  smaller  shell,  and  more  coarsely 
and  distinctly  costate. 

Locality,     It  has  been  found  throughout  the  Coal  Measures  of  Indiana. 

Productus  8EMIRETICULATUS,  Martin. 
Plate  2'i,  figs  1,2  and  S. 

This  shell  is  widely  known  in  the  Coal  Measures  of  the  United  States, 
and  has  been  generally  regarded  by  authors  as  identical  with  the  Euro- 
pean species  to  which  the  name  was  first  applied. 

It  is  a  large  shell,  strongly  arcuate ;  width  greater  than  the  length;  the 
length  of  the  hinge  line  sometimes  greater  and  sometimes  less  than  the 
greatest  width  of  the  shell ;  cardinal  area  of  both  valves  very  narrow, 
but  distinct ;  ears  thin,  more  or  less  prominent,  lateral  and  front  borders 
continuously  rounded,  the  front  being  slightly  emarginate;  ventral  valve 
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strongly  curved ;  beak  depressed  and  projecting  very  little,  if  any,  over 
the  cardinal  border ;  a  broad,  shallow,  obscurely  defined  mesial  sinus  in 
most  of  the  examples,  extends  from  near  the  umbonal  region  to  the  front, 
giving  the  shell  an  indistinctly  bilobed  appearance ;  dorsal  valve  flattened 
in  the  visceral  region,  bent  abruptly  upward  at  the  sides  and  front;  beak 
flattened  or  slightly  concave ;  surfisu^e  of  both  valves  narked  by  numerous 
coarse  rounded  strise  or  small  coeUis,  which  are  crossed  in  the  visceral 
region  by  somewhat  regular  conpentric  wrinkles  of  nearly  uniform  size, 
giving  that  part  of  the  shell  a  semi-|reticulated  a{^anuice,  which  b  more 
distinct  in  some  examples  than  in  others;  more  or  less  numerous  strong, 
«rect  spines  are  scattered  upon  the  ventral  valve,  generally  arising  from 
the  costse  upon  the  body  of  the  shell  and  from  the  strong  wrinkles  upon 
the  ears,  upon  which  latter  part  they  arc  usually  most  numerous. 

Length  of  an  ordinary  sized  example,  measured  in  a  straight  line  from 
the  hinge  to  the  front  margin,  45  mm. ;  width,  60  mm. 

The  differences  between  this  species*  and  P.  costohu  have  already  been 
mentioned.  Like  that  species,  thk  one  has  not  only  a  wide  geographical 
range,  but  it  is  also  found,  in  the  Upper  Mississippi  Biver  region,  to 
range  from  the  Lower  Carboniferous  to  the  Upper  Coal  Measures. 

Locality,  Common  throughout  the  Cool  Measures  and  often  in  the 
Lower  Carboniferous. 

Productus  Cora,  iOrbigt^. 
Plate  26, fi^l, 'Zand 9. 

This  species  was,  by  Dr.  Owen  and  Pro£  Marcou,  referred  to  the 
South  American  form  described  by  d'Orbigny,  in  "Voyage  dans  T  Ame- 
rique  Meridionale, "  under  the  name  Producku  Cora.  Other  American 
authors  have,  however,  given  it  various  names,  and  of  late  years  it  has 
generally  gone  by  the  name  given  it  by  Norwood,  P.  Praitenianus.  I 
have,  however,  lately,  had  an  opportunity  to  examine  some  examples 
which  were  brought  by  Dr.  O.  A.  Derby  from  the  South  American  local- 
ities from  which  d'Orbigny  obtained  his  type  specimens.  A  careful  ex- 
amination of  these  has  left  no  doubt  in  my  own  mind  that  Owen  and 
Marcou  were  right  in  referring  our  North  American  form  to  P.  Ora, 
d'Orbigny.  Some  of  the  new  specific  names  proposed  by  American  authors 
were  based  upon  varietal  difl*erence8,  such  as  the  presence  or  absence  of 
spines  and  small  tubercles  scattered  over  the  surface,  or  the  difl^erence  in 
the  size  of  the  radiating  strise ;  but,  while  I  admit  the  existence  of  these 
variations,  I  do  not  re^uxl  them  as  being  of  specific  value.  The  follow- 
ing description  is  regarded  as  &irly  representing  the  species : 

Shell  sometimes  reaching  a  large  size ;  the  breadth  generally  greater 
than  the  length ;  hinge  line  sometimes  longer  and  sometimes  shorter  than 
the  greatest  width  of  the  body  of  the  shell;  lateral  and  front  margins 
regularly  and  continuously  rounded ;  ears  prominent,  thin,  and,  therefore^ 
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they  are  genoull  j  broken  off  in  the  imbedding  rock ;  mesial  fold  and 
sinus  wanting^  but,  sometimes,  there  is  an  indistinct  mesial  flattening  of 
the  ventral  valve;  ventral  valve  somewhat  uniformly  convex;  umbonal  re- 
gion gibbous;  beak  scarcely,  projecting  over  the  cardinal  border;  ears 
marked  by  strong  wrinkles,  which  pass  inward  upon  the  sides  of  the  valves 
and  become  obsolete  there,  but  endipg  abruptly  at  the  cardinal  margin ;  sur- 
£eu^  of  the  valves  marked  by  fine,  rounded,  radiating  striae,  some  of  which 
may  be  traced  continuously  from  the  umbonal  region  to  the  front,  increfCs- 
ing  by  implantation  and  occasionally  coalescing.  A  few  strong,  erect 
spines  are  often  scattered  over  the  suir&ce  of  the  ventral  valve,  and  the 
cardinal  border  always  bears  a  greater  or  less  number  of  small  s^nnes. 
Although  the  strise  which  mark  the  surface  are  always  small  and  slender, 
their  relative  size  differs  very  much  in  difierent  individuals,  in  some  cases 
being  minute  and  hair-like ;  in  the  latter  cases,  the  spines  are  usually  ab- 
sent from  the  general  surfEice.  One  of  the  examples  figured  on  plate  26, 
bears  the  finer  strise,  and  those  of  the  other  two  bear  the  coarser  strisB 
with  the  spines.* 

Locality.  This  species  has  a  wide  g^graphical  and  vertical  range  in 
the  Carboniferous  rocks  of  North  America.  It  may  be  sought  for  at  the 
following  Indiana  localities :  Fountain,  Vermillion,  Parke,  Montgomery, 
Clay,  Owen,  Pike,  Dubois  and  Warrick  counties;  also  in  the  Lower  Car- 
boniferous. 

pRODUCTDB  ix)NOiSPiNU8,  Sowerby. 

This  is  another  species  from  the  Coal  Measure  rocks  of  North  America, 
which  has  been  identified  with  a  European  form.  It  is  an  •  exceedingly 
variable  shell,  as  is  evidenced  by  the  large  number  of  synonyms  which 
have  been  given  to  it,  both  in  this  country  and  Europe.  The  form  that 
I  here  describe  and  figure  is  a  characteristic  one  of  the  Coal  Measures  of 
North  America,  and  it  is  yet  a  question  whether  it  is  correctly  identified 
with  the  European  P.  longispinus.  It  is  One  of  the  smallest  species  of 
Products  among  the  somewhat  numei^us  forms  that  the  Carboniferous 
rocks  afford. 

It  is  much  wider  than  long ;  the  hinge  line  longer  than  the  full  width 
of  the  body  of  the  shell;  ears  prominent,  thin,  and  sometimes  a  .little 
reflexed,  the  lateral  and  fix)nt  margins  forming  a  rude  semi-ellipse,  but 
the  front  margin  is  more  or  less  emarginate  at  the  middle ;  ventral  valve 
gibbous,  the  more  abrupt  portion  of  the  antero-posterior  convexity  being 
behind  the  middle ;  umbo  of  the  ventral  valve  moderately  prominent,  the 
beak  projecting  slightly  over  the  cardinal  margin  ;  mesial  sinus  broad,  and 
distinct  only  near  the  front ;   surface  marked  by  obscure  radiating  ribs, 

^The  OweD  Cabinet  contained  epecimens  from  Indiana,  identified  by  d'Orbigny,  and 
labelled  in  hie  own  bandwritinir  P-  Cmrm.  G. 
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usoallj  obeolete  upon  the  umbo,  which  are  crossed  by  the  usual  Unes  of 
growth ;  moderately  strong,  erect  spines  are  scattered  over  the  sur£ace  of 
the  valve  (theae  were  originally  long,  but  they  are  almost  always  broken 
off) ;  dorsal  valve  concave ;  the  median  portion  slightly  raised  near  the 
front,  corresponding  with  the  shallow  sinus  of  the  other  valve ;  sur&oe 
marked  like  that  of  the  other  valve,  except  that  it  b  without  spines. 

Length,  11  mm.;  breadth  of  body  portion,  17  mm.;  length  of  hinge 
line,  21  mm. 

Locality.  The  following  Indiana  localities  have  furnished  the  species 
here  described :  Fountain,  Parke,  Vermillion,  Vigo,  Sullivan,  Knox,  Kke, 
Warrick,  Spencer,  Posey,  Oibson  and  Vanderburg  counties. 

Genus  Chonetes,  Fiscker. 

Chonetes  Verneuhiana,  Norwood  and  Pratten, 

PtaU2b,figiu7  andS, 

Chonxtis  Vbrnkuiliaka,  N.  and  P.,  1854.   Joar.Aoad.  Nat.Soi.,  PhiUd.,in,  p.26,  pl.II, 

fig.  6. 

Shell  small,  much  wider  than  long ;  the  cardinal  portion  extended  be- 
yond the  sides  of  the  body  of  the  shell,  sometimes  mucronate ;  ventral 
valve  convex,  bearing  a  moderately  deep  rounded  mesial  sinus  which  ex- 
tends from  near  the  beak  to  theanterior  margin,  toward  which  it  rapidly 
deepens  and  widens ;  the  sinus  is  usually  so  distinct  as  to  produce  the  ap- 
pearance of  two  prominent  lobes  upon  this  valve ;  ears  somewhat  angular 
and  a  little  reflexed,  sometimes  obtuse,  and  in  other  examples  acute  and 
produced;  beak  moderately  prominent;  area  distinct  but  narrow,  a  little 
wider,  however,  than  that  of  the  dorsal  valve ;  foramen  wide ;  cardinal 
margin  bearing  four  oblique  spines  on  each  side  of  the  beak;  dorsal  valve 
concave,  and  bearing  an  obtuse  mesial  fold  corresponding  with  the  sinus 
of  the  other  valve ;  sur&ce  of  both  valves  marked  with  numerous  fine 
radiating  stri4B  which,  with  the  growth  of  the  shell,  increase  by  bifurca- 
tion.    These  ure  crossed  by  a  few  lines  of  growth. 

Length,  8  mm.;  breadth,  12  mm.  < 

Two  or  three  other  species  of  Chxmdes  are  more  or  less  common  in  the 
Coal  Measure  rocks,  but  this  one  may  be  readily  distinguished  by  its 
mesial  sinus  and  the  bilobed  appearance  of  the  ventral  valve. 

Locality,  Every  county  in  the  Coal  Measures  of  Indiana  has  furnished 
this  species. 
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Genus  Orthis,  Dolman, 
Orthis  Pecosi,  Mareou. 

PlaU  32,  figs,  20,  21  and  22. 

Obthis  Picosi,  Mareou^  \95%,    Geol.  North  America,  p.  48,  pi.  VI,  fiff  U. 
Orthis  oarbonabia,  SioaUowi  1858.    Trans.  St  Louis  Aoad.  Soi.,  1,  p.  218. 

Shell  small,  sublenticular ;  outline  subcircular  or  subovate ;  length  and 
breadth  nearly  equal,  but  sometimes  the  length  is  a  little  the  greater ; 
front  margin  regularly  rounded  or  slightly  emarginate ;  hinge  line  very 
short,  less  than  half  the  breadth  of  the  shell ;  ventral  valve  *  having  its 
greatest  convexity  at  the  umbo,  often  flattened  a  little  at  the  front,  but  it 
is  always  without  a  definite  mesial  sinus;  beak  small,  pointed,  somewhat 
prominent,  and  arched  over  the  small,  well-defined  area,  which  is  also 
arched ;  dorsal  valve  more  convex  than  the  ventral,  in  old  shells,  its  great- 
est convexity  being  behind  the  middle,  generally  showing  a  mesial  flatten- 
ing which  extends  from  the  umbo  to  the  front  margin ;  area  distinct,  but 
smaller  than  that  of  the  other  valve;  beak  small,  not  prominent;  surface 
of  both  valves  marked  by  fine,  close-set,  radiating  strise,  which  increase 
mainly  by  implantation,  but  occasionally  by  bifurcation ;  these  striae  are 
crossed  by  fine  concentric  lines  of  growth,  and  near  the  front  by  imbri- 
cating lines.  The  striae  oflen  show  small  pores  upon  their  backs,  appa- 
rently marking  the  position  of  minute  tubular  spines  which  have  been 
removed. 

Length  and  breadth  of  a  large  example,  each  13  mm. ;  but  the  average 
size  is  considerably  less. 

Locality,  This  little  Orthis  is  widely  distributed  in  the  Coal  Measures 
from  Indiana  to  Nebraska,  and  also  in  the  Carboriferous  rocks  of  the 
Rocky  Mountain  region.  It  has  been  found  at  the  following  Indiana  lo- 
calities :  Horse  Shoe  of  Little  Vermillion  and  Garrett's  Mill,  Vermillion 
counties  of  Indiana  and  Illinois. 

Genus  Hemipronites,  Pander, 

Genus  Streptorhynchus,  King, 

Hemipronites  crassus.  Meek  and  Hayden. 

Plate  26,  figs,  4,  5,  6,  7,  8,  9,  10  and  11. 

Hbmiprokitbs  crassus,  M.  and   H,  li64.     Paloont.  Upper  Missouri,  p.  26,  pi.  I,  fiff  7. 
Hemipronites  orassus,  ilfedb,  1S72.    U.  8.  Gaol.  Sar.  Nebraska,  p.  174,  pi.  V,  fig.  10,  and  pi. 
VIII,  fiff.  1. 

Shell  subquadrate  or  transversely  suboblong  in  marginal  outline,  com- 
pressed ;  hinge  line  usually  a  little  shorter  than  the  greatest  transverse 
diameter  of  the  shell,,  but  it  is  sometimes  equal  to  it;  front  margin 
broadly  rounded ;  lateral  margins  rounded  to  the  front,  but  straightened 
posteriorly,  forming  a  more  or  less  distinct  angle  with  the  cardinal  border ; 
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surface  marked  by  numerous  raised  radiating  striae,  which  increase  by  im- 
plantation ;  the  radiating  striae  are  crossed  by  numerous  concentriq  lines 
and  several  stronger  marks  of  growth;  ventral  valve  nearly  flat;  cardinal 
border  sloping  a  little  to  the  lateral  margins ;  beak  more  or  less  promi- 
nent, usually  a  little  distorted;  area  flat,  moderately  broad,  and  inclined 
a  little  backward;  pseudo-deltidium  thick  and  moderately  prominent; 
cardinal  teeth  small ;  scars  of  the  adductor  muscle  large  and  separated 
by  a  thin  mesial  ridge,  their  outline  well  defined  in  old  shells ;  dorsal 
valve  gently  convex  in  the  middle  and  flattened.at  the  postero-lateral  por- 
tions; both  valves  marked  by  crenulations  at  the  inner  surface  of  the 
borders,  but  this  feature  is  often  obscured. 

Length  of  an  average  sized  example,  as  they  are  usually  found  in  the 
Coal  Measures,  25  mm.;  breadth,  27  mm. 

I  have  here  given  the  name  that  this  species  has  come  to  be  generally 
known  by,  but  it  is  now  generally  understood  among  paleontologists  that 
it  does  not  differ  specifically  from  the  H,  crenidria  of  Phillips.  It  is  also 
probable  that  King's  generic  name  Streptorhyru^tts  ought  to  be  used  for 
this  group  of  shells,  so  that  the  species  here  described  would  then  prop- 
erly bear  the  name  Streptorhynchus  crenidria. 

There  is  also  a  much  larger  form  than  the  one  here  described,  which 
occurs  in  the  Coal  Measure  strata  of  Iowa  and  Missouri,  but  which  seems 
to  be  in  all  other  respects  identical  with  this,  although  it  becomes  rough 
and  ventricose  with  age.  Professor  Hall  has  described  this  form,  in  his 
Geology  of  Iowa,  under  the  name  of  Orthis  robtusta.  A  form  closely  sim- 
ilar, and  perhaps  identical  with  the  smaller  form  here  described,  has  been 
found  in  the  Lower  Carboniferous  rocks  of  Iowa. 

Locality,  This  species  may  be  sought  for  at  the  following  Indiana  local- 
ities: Lodi,  Eugene,  Perrysville,  Merom,  Big  Creek,  and  New  Har- 
mony. • 

Genus  Meekella,   White  and  St.  John. 

MeEKELLA   STlEtlATOCOSTATA,    Cox. 
PiaU  26,  figs.  12,  13  and  14. 

PuCATULA  BTBUT0C08TATA,  Oox,  1857.  Geol.  Sur.  Kontuoky.  vol.  Ill,  p.  568,  pi.  VIII,  fig.  7. 
Mrrkrlla  STBIAT0C08TATA,   W.  and  St.  J.,  1867.    Trans.  Chi.  Acad.  Sci.,  I ;  p.  120. 

Shell  variable  in  size  and  shape,  indistinctly  trihedral  in  outline,  both 
valves  becoming  gibbous  at  full  adult  age ;  hinge  line  usually  much  short- 
er than  the  greatest  breadth  of  the  shell;  ventral  valve  usually  more 
capacious  than  the  other,  but  sometimes  the  difference  in  this  respect  is 
slight,  deepest  near  the  umbo;  beak  more  or  less  distorted  by  being  flat- 
tened, bent  backward  or  to  one  side  or  the  other,  usually  toward  the  dex- 
tral  side ;  area  triangular,  more  or  less  irregular  in  consequence  of  the 
distortion  of  the  beak ;  height  of  the  area  seldom  so  great  as  its  width  at 
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the  base,  and  often  much  less,  its  lateral  borders  well  defined,  its  surface 
finely  striated,  both  vertically  and  transversely;  fissure  varying  in  pro- 
portional width  in  difierent  individuals,  but  usually  quite  narrow,  and 
completely  closed  by  a  pseudo-del tidium,  which  is  n&ore  or  less  flattened 
along  each  side,  prominent  along  the  middle,  along  which  prominence 
there  is  a  slightly  raised  mesial  line ;  dorsal  valve  capacious,  more  regu- 
larly convex  than  the  other ;  the  convexity  in  some  cases  is  so  great  be- 
hind the  middle  as  to  carry  a  portion  of  the  valve  a  little  behind  the  car- 
dinal border ;  flattened  along  the  middle  toward  the  front,  but  never  pos- 
sessing a  true  mesial  sinus;  beak  broadly  convex,  strongly  incurved,  not 
projecting  over  the  hinge  line ;  area  obsolete,  postero-lateral  portions  com- 
pressed so  that  small,  thin  ears  are  formed  at  the  hinge  extremities;  sur- 
fece  of  each  valve  marked  by  from  ten  to  fourteen  more  or  less  angular 
radiating  plications,  having  deep,  angular  interspaces  between  them ;  the 
plications  not  extending  to  the  beak,  increasing  in  si^  toward  the  front, 
mostly  simple,  but  sometimes  bifurcating ;  plications  and  interspaces  both 
marked  by  numerous  fine,  radiating  striae  which,  toward  the  front  margin 
of  adult  shells,  usually  converge  to  the  crests  of  the  plications,  upon  which 
they  meet  at  acute  angles ;  crossing  these  converging  lines  there  are  also 
usually  zigzag  lines  of  growth  to  be  seen.  The  convergence  of  the  radi- 
ating strise  does  not  take  place  until  the  shell  has  reached  nearly  mature 
size,  and  occasionally  nOt  then. 

This  shell  is  quite  variable  in  size  and  shape,  but  it  is  thought  that  the 
foregoing  description,  together  with  the  figures  in  plate  26,  will  enable 
any  one  to  identify  the  species  without  difficulty.  It  is  widely  distributed 
in  the  Coal  Measure  strata  of  the  States  which  border  upon  the  Mississip- 
pi and  Missouri  Rivers,  and  it  is  also  frequently  found  in  the  Rocky  Moun- 
tain region. 

Locality,  The  following  Indiana  localities  have  furnished  examples  of 
this  species :  Western  part  of  Vigo  county,  and  adjoining  parts  of  Illinois. 

Genus  Syntreelasma,  Meek  and  Worthen. 
Syntrielasma  hemiplicata,  HaU, 

Phie  26,  figs.  15, 16,  17  and  18. 

Spibipkb  hbmiplicatus,  Hnllt  1852.    Stansbary's  Salt  Lake  Report,  p.  409,  pi.  FV,  fig.  3. 
Stktriblasma  hrmiplicata.  M.  and  W.,  1866.    Illinois  Geol.  Sur.,  II,  pp.  323  and  324. 

Shell  subglobose  when  fully  adult,  but  only  moderately  convex  when 
young ;  hinge  line  very  short,  not  more  than  one-third  the  greatest  trans- 
verse diameter  of  the  shell ;  dorsal  valve  more  convex  than  the  ventral, 
strongly  arched,  especially  in  old  shells ;  umbanal  region  gibbous,  project- 
ing backward  a  little  beyond  the  cardmal  border ;  area  narrow,  concave ; 
ventral  valve  convex;  beak  slightly  prominent  and  slightly  incurved; 
area  triangular,  small,  moderately  well  defined,  higher  than  wide ;  surface 
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of  both  valves  marked  by  fine,  regular,  crowded,  radiating  strice,  and  a 
few  large  subangular  radiating  plications,  which  are  most  distinct  at  the 
front  margin,  but  never  reach  the  umbones;  a  few  concentric  lines  of 
growth  near  the  front,  impart  a  zigzag  appearance  as  they  cross  the  plica- 
tions and  interspaces. 

Genus  Rhynchonella,  Fischer, 

Rhynchoneula  Uta,  Marcon. 

Plate  2b,  fig.  6, 

Rhynohonrlla  Osaoknsis,  Swnlloto,  1858.    Trans.  St.  Louis  Acad.  Sci.,  I,  p.  219. 
Rkynchonklla  Uta,  Marcou^  1858.    Gcol.  of  N.  America,  p.  51. 

Shell  rather  small,  varying  considerably  in  form,  usually  subtrihedral 
in  marginal  outline,  and  somewhat  wider  than  long ;  postero-lateral  mar- 
gins converging  at  an  angle  which  varies  in  different  shells  from  eighty  to 
one  hundred  and  ten  degrees ;  front  broadly  rounded,  emarginate  at  the 
middle ;  dorsal  valve  more  capacious  than  the  ventral,  abruptly  convex 
at  the  front ;  beak  strongly  incurved ;  mesial  fold  not  prominent,  and  per- 
ceptible only  at  the  front ;  plications  somewhat  angular,  varying  in  num- 
ber from  seven  to  nine  and  rarely  more,  distinct  at  the  front,  but  becom- 
ing obsolete  at  the  middle  and  sides  of  the  valve ;  from  two  to  four  of 
these  plications  are  borne  upon  the  mesial  fold,  which  becomes  obsolete 
backward  with  the  plications ;  ventral  valve  rather  shallow,  similar  to  the 
other  valve  in  the  number,  distribution,  and  character  of  the  plications ; 
beak  narrow,  prominent,  and  gently  incurved ;  mesial  sinus  broad  and 
shallow,  having  from  one  to  three  plications  which  are  smaller  than  those 
at  the  sides,  and,  with  the  sinus,  become  obsolete  about  the  middle  of  the 
valve;  the  posterior  half  of  the  shell  plain,  or  marked  only  by  occasional 
lines  of  growth. 

The  length  of  an  adult  example  is  about  10  mm.;  breadth,  11  mm. 

This  shell  has  a  very  wide  geographical  range,  it  having  been  found 
from  Indiana  to  Utah  and  New  Mexico.  It  is  closely  related  to  a  form 
that  occurs  in  the  Lower  Carboniferous  of  Iowa,  to  which  I  gave  the  name 
of  R.  Ottumwa,  and  it  is  probable  that  the  latter  should  be  regarded  only 
as  a  variety  of  the  former. 

Locality.     This  species  has  been  found  throughout  Upper  Coal  Measures. 

Genus  Spirifer,  Sowerby. 

Spirifer  CAMERATU8,  Morton. 

PUUe  S6,  figs.  S,  A  and  d. 

Spibipbb  camrbatus,  Morton,  1836.    American  Journal  of  Science,  XXIX,  p.  150. 
Spibifer  0AMBBATU8,  White,  1881.    Indiana  Qeol.  Rep.  for  1880,  p.  149,  pi.  VIII.  fig.  3. 

This  species  was  described  in  a  former  report  Qoc.  cit,),  but  it  is  repeated 
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here  with  better  illustrations,  and  for  the  purpose  of  bringing  together  all 
the  Coal  Measure  species  hitherto  described  for  the  Indiana  Eeports. 

Shell  usually  of  medium  size,  but  sometimes  quite  large,  subsemi-circu- 
lar  or  subtrihedral  in  outline,  almost  always  broadest  at  the  hinge  line ; 
the  hinge  extremities  often  pointed  and  sometimes  mucronate ;  dorsal  valve 
not  quite  so  capacious  as  the  other ;  mesial  fold  distinct,  broad  at  the  front, 
sometimes  sharply  elevated,  but  more  commonly  rounded,  clearly  defined 
from  front  to  beak  and  rapidly  increasing  in  width  to  the  front  by  the 
greater  or  less  curving  outward  of  the  sides ;  sides  of  the  valve  sloping 
almost  directly  from  the  mesial  fold  to  the  lateral  borders ;  antero-posterior 
convexity  of  the  mesial  fold  very  slight  from  front  to  middle,  but  increas- 
ing from  the  middle  to  the  beak;  beak  small,  projecting  slightly  over  the 
cardinal  border ;  ventral  valve  strongly  arching  from  beak  to  front,  the 
beak  being  prominent,  pointed  and  curved  over  the  area ;  area  concave, 
of  moderate  width,  and  not  narrowing  to  a  sharp  angle  at  the  hinge  ex- 
tremities; foramen  almost  equilaterally  triangular,  partially  closed  by  a 
pseudo-deltidium,  which  is  often  removed  by  weathering;  mesial  sinus  well 
defined  from  front  to  beak  and  in  all  respects  answering  to  the  mesial  fold 
of  the  other  valve ;  surface  marked  by  numerous  distinct,  rounded  stri» 
of  unequal  size,  which  increase  gradually  in  size  toward  the  front ;  sinse 
increasing  in  number  by  the  division  near  the  beak  of  the  few  which  are 
continuous  to  its  point ;  they  are  thus  generally  gathered  into  more  or  less 
distinct  fascicles  of  three  or  more  striae  in  each  fascicle,  the  middle  stria 
of  each  fascicle  being  more  prominent  than  the  others,  and  these  are  the 
only  strise  which  reach  the  point  of  the  beak ;  the  mesial  fold  and  sinus 
usually  have  strise  of  the  same  character  and  arrangement  as  those  upon 
other  parts  of  the  shell,  but  in  some  cases  they  are  obsolete  upou  the  sides 
of  the  fold  and  sinus  respectively;  besides  the  radiating  strise,  the  surface 
is  marked  by  the  usual  lines  and  laminations  of  growth.  This  is  one  of 
the  most  common  species  in  the  Coal  Measure  strata  of  North  America, 
of  which  it  is  also  one  of  the  most  characteristic  fossils. 

Locality,    Throughout  the  Coal  Measures  of  Indiana. 

Spirtfer  (Martinia)  lineatus,  Martin. 
Plate  27,  fig8.  4,  band  6, 

This  species  was  described  and  figured  in  the  Indiana  Geological  Report 
for  1881,  page  372,  and  plate  42,  figures  4,  5  and  6.  These  are  repeated 
in  this  report  for  the  purpose  of  bringing  the  Coal  Measure  fossils  together. 

The  shell  which  is  here  figured  is  one  which  has  usually  been  referred 
to  Spirifer  lineatus,  Martin,  but  which  McChesney  described  under  the 
name  of  8.  perplexa.  Although  it  very  closely  resembles  8,  lineatus,  one 
can  hardly  be  satisfied  that  it  is  really  specifically  identical,  and  it  is 
probable  that  we  shall  be  justified  in  adopting  McChesuey's  name.     Not 
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having  the  means  for  direct  comparison  with  the  European  form  at  hand, 
however,  I  prefer  to  leave  our  shell  for  the  present  with  S,  lineatus,  where 
it  has  been  placed  by  the  majority  of  paleontologists  who  have  noticed  it, 
making  the  following  brief  description : 

Shell  moderately  gibbous,  transversely  subelliptical  in  marginal  outline, 
the  front  and  sides  regularly  rounded ;  hinge  much  shorter  than  the  width 
of  the  shell ;  cardinal  extremities  rounded ;  cardinal  area  distinct,  arched 
and  moderately  high;  ventral  valve  convex;  umbonal  portion  promi- 
nent; beak  prominent,  incurved;  area  small;  without  median  sinus,  but 
there  is  a  slight  flattening  of  the  valve  at  the  front,  which  gives  the  front 
margin  a  very  slight  sinuosity ;  dorsal  valve  regularly  convex,  both  trans- 
versely and  longitudinally ;  umbonal  portion  prominent,  but  not  so  much 
80  as  that  of  the  other  valve ;  beak  moderately  prominent  and  projecting 
a  little  beyond  the  hinge  line  ;  sur&ce  marked  by  numerous  very  faint 
radiating  lines  and  somewhat  stronger  concentric  lines,  the  latter  being 
impressed  and  finely  crenulate,  the  minute  crenulations  apparently  mark- 
ing the  bases  of  hair-like  spines  when  the  surface  of  the  shell  was  perfect. 

Length  from  ventral  beak  to  front,  17  mm. ;  breadth,  18  mm. ;  greatest 
thickness,  both  valves  together,  13  mm. 

Locality.  Fountain,  Parke,  Vermillion,  Vigo,  Sullivan,  Gibson,  Pike, 
Knox,  Posey,  Vanderburg  and  Warrick  counties,  Indiana. 

Spirifer  (Martinia)  planoconvex  a,  Skinnard. 

Plate  32,  figs,  23  and  24. 
Spibifeb  plakooontrxa«  Shumardy  1855.    Swallow's  Geol.  Report  Missouri,  p.  202. 

Shell  very  small ;  breadth  varying  from  a  little  more  to  a  little  less 
than  the  length ;  binge  line  moderately  long,  but  always  shorter  than  the 
full  breadth  of  the  shell  in  front  of  it ;  lateral  and  front  margins  regularly 
and  continuously  rounded ;  the  dorsal  valve  nearly  flat,  and  it  would  be 
almost  circular  in  marginal  outline  but  for  its  truncation  by  the  straight 
hinge  line ;  beak  minute,  not  prominent ;  cardinal  area  very  narrow ;  ven- 
tral valve  capacious,  especially  its  posterior  portion,  which  extends  much 
behind  the  hinge  line  and  ends  in  a  prominent,  strongly  incurving,  pointed 
beak;  area  very  narrow,  high,  concave;  mesial  sinus  absent,  but  in  its 
place  there,  is  usually  a  slight  flattening  at  the  front,  and  sometimes  an 
indistinct  impressed  line  is  seen  to  extend  from  the  beak  to  the  front  mar- 
gin ;  surface  apparently  smooth,  but  under  a  lens  it  is  seen  to  be  finely 
granular,  the  apparent  granules  being  the  bases  of  minute  setae ;  a  few 
concentric  lines  of  growth  are  usually  observable  upon  both  valves. 

Length,  13  mm. ;  breadth,  13  mm. ;  convexity,  8  mm. 

This  common  American  shell  agrees  so  closely  in  many  respects  with 
S,  Uriiy  Fleming,  from  the  British  Carboniferous  strata,  that  the  propriety 
of  placing  it  under  any  other  specific  name  may  well  be  questioned.     In 
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view,  however,  of  the  fact  that  the  characteristics  of  the  subgenus  Ma/r 
tinia  admit  of  the  development  of  very  few  salient  specific  features,  I  am 
at  present  disposed  to  regard  these  minor  differences  as  affording  sufficient 
reason  for  continuing  the  use  of  Shumard's  name. 

Locality,  This  little  shell  is  one  of  the  most  widely  distributed  of  the 
Coal  Measure  species.  It  has  been  found  from  Virginia  to  Utah  and 
New  Mexico,  and  in  some  of  the  strata  of  the  States  bordering  upon  the 
Mississippi  and  Missouri  Rivers  it  occurs  in  great  numbers.  It  has  been 
found  throughout  the  Coal  Measures  of  Indiana. 

Genus  Spiriferina,  &Orhigny. 
Spiriferina  Kentuckensis,  Shumard, 

Ptaie  35,  figs.  13  and  14. 

Spirifrr  Krntuckrnsis,  i^humard,  1855.    Swallow's  Geol.Sur.  Missouri,  p.  203. 
Spirivrbina  Kbntuckrnsis,  Metky  1872.    U.  S.  Geol.  Sar.  Nebraska,  p.  185. 

Shell  small,  variable' in  outline,  sometimes  subsemicircular  and  occasion- 
ally almost  globose,  and  sometimes  the  extremities  are  produced  and 
mucronate ;  ventral  valve  more  capacious  than  the  dorsal ;  beak  promi- 
nent, arching  backward;  area  moderately  high,  well  defined,  concave; 
foramen  higher  than  wide;  mesial  sinus  distinctly  defined,  rather  narrow, 
often  moderately  deep,  without  plications  except  occasionally  a  small 
obscure  one  at  the  bottom ;  dorsal  valve  somewhat  regularly  convex ;  beak 
scarcely  prominent,  projecting  slightly  over  the  cardinal  margin ;  mesial 
fold  narrow,  distinctly  defined,  a  feint  linear  depression  sometimes  observ- 
able along  its  middle,  which  corresponds  with  the  small  linear  plication 
which  is  sometimes  seen  at  the  bottom  of  the  sinus  of  the  ventral  valve ; 
surface  of  each  valve  marked  by  from  ten  to  eighteen  simple  prominent 
plications,  rounded  or  almost  angular  at  top  and  separated  by  interspaces 
of  similar  width ;  the  plications  which  bound  the  Sinus  are  a  little  larger 
and  more  prominent  than  the  others,  which  thus  serve  to  more  clearly 
define  the  sinus  from  the  remainder  of  the  shell ;  the  entire  surface  is  also 
marked  by  fine,  distinct,  prominent  and  closely  crowded  lines  of  growth. 

The  length  of  a  specimen  of  about  average  size  and  proportions  is  9 
mm.;  breadth,  between  the  hinge  extremities,  13  mm. 

Locality,  This  is  one  of  the  more  common  of  the  Coal  Measure  shells, 
but  it  is  never  found  abundantly.  It  has  been  discovered  at  the  follow- 
ing Indiana  localities :  In  the  Middle  and  Upper  Coal  Measures  of  Ver- 
million, Vigo,  Knox,  Gibson,  Posey,  Vanderburg,  Dubois,  and  Spencer 
counties. 
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Genus  Athyris,  McCoy. 
Athyris  subtilita,  jHott. 
Plate  35,  figs,  6,  7,  8  and  9. 

Among  the  fossil  shells  of  North  America,  perhaps  no  species  has  come 
to  be  so  well  and  widely  known  as  this.  It  is  also  one  of  the  most  com- 
mon and  characteristic  of  the  Coal  Measure  species. 

It  is  variable  in  size,  and  somewhat  also  in  outline,  but  it  is  seldom 
large ;  subovate  in  marginal  outline,  not  often  as  wide  as  it  is  long,  moder- 
ately gibbous,  and  old  shells  are  sometimes  inflated ;  ventral  valve  gener- 
ally a  little  more  capacious  than  the  dorsal;  beak  prominent,  strongly 
incurved ;  mesial  sinus  not  very  deep,  even  at  the  front,  and  becoming 
obsolete  about  the  middle  of  the  shell ;  a  more  or  less  distinctly  impressed 
line  usually  exists  along  the  bottom  of  the  sinus,  and  extends  from  the 
beak  to  the  front  margin ;  dorsal  valve  somewhat  uniformly  convex,  but 
more  convex  near  the  umbo  than  elsewhere ;  beak  small,  slightly  promi- 
nent ;  mesial  fold  not  distinctly  defined ;  surface  marked  by  concentric 
8tri»  and  by  occasional  imbricating  lines  of  growth;  faint  traces  of 
radiating  lines,  such  as  are  common  on  shells  of  this  genus,  are  also 
occasionally  seen. 

Length  of  a  specimen  of  ordinary  size,  24  mm.;  breadth,  20  mm.; 
height,  9  mm. 

In  all  the  variations  which  this  shell  is  subject  to,  it  is  easily  recogniz- 
able after  an  acquaintance  with  the  species  has  once  been  formed.  One 
of  the  most  noticeable  of  its  constant  characteristics  is  the  impressed  me- 
sial line  at  the  bottom  of  the  sinus  of  the  ventral  valve.  This  feature  is 
sometimes  obscure,  but  it  is  usually  sufficiently  distinct  to  be  readily  recog- 
nized. This  species  ranges  through  the  whole  Coal  Measure  series,  and, 
according  to  Mr.  Meek,  into  the  Permian,  also.  In  geographical  distribu- 
tion it  is  known  from  Virginia  to  the  Rocky  Mountain  region. 

Locality.  It  has  been  found  common  throughout  the  middle  and  Upper 
Coal  Measures,  rarer  in  Lower. 

Genus  Retzia,  King. 

Retzia  Mormonii,  Marcou. 

Ptafe  Sbjfiga.  10,  11  and  12. 

Trbbbbatula  MoBU(i!Yir,  Mircoth  I'^S.    Uoology  of  N.  Amerioa,  p.  51. 
Rbtzia  punctilifkba,  Shumardf  1858.    Trans.  St.  Louis  Acad.  Sci.,  I,  p.  220. 

Shell  small,  ovate  in  outline;  both  valves  more  or  less  gibbous;  hinge 
line  short;  ears  minute  and  observable  only  in  well  preserved  examples; 
ventral  valve  a  little  more  capacious  than  the  dorsal,  posterior  portion 
narrowed  to  the  umbo,  which  is  prominent  and  considerably  arched ;  beak 
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small,  truncated  by  a  foramen  of  moderate  size ;  area  small  but  well  de- 
fined ;  dorsal  valve  almost  as  prominently  convex  as  tbe  ventral ;  umbo 
prominent ;  beak  incurved  and  extending  a  trifle  over  the  cardinal  bor- 
der ;  sur&ce  of  each  valve  marked  by  from  fourteen  to  seventeen  simple, 
narrow,  radiating  costse,  having  interspaces  of  similar  width ;  costse  sharp- 
ly elevated,  their  backs,  as  well  as  the  bottom  of  the  interspaces,  narrow- 
ly flattened  ;  mesial  fold  and  sinus  wanting  or  obsolete. 

Length  of  the  largest  examples,  12  mm.;  breadth,  9  mm.;  thickness,  8 
mm.;  but  the  average  size  is  less. 

This  is  another  widely  distributed  Coal  Measure  species,  and  one  that 
may  be  readily  identified. 

•  Genus  Terebratula,  lAhwyd, 

Terebratula  bovtdens,  Myrton. 
Plate  32,  figs.  17,  18  and  19. 
Tkrrbratula  BOV(DKNS,  Morton,  1836.    Am.  Jour.  Sci.,  XXIX,  p.  150. 

Shell  ovate  or  elongate-ovate  in  marginal  outline;  sides,  behind  the 
middle*,  laterally  compressed,  where  also  the  shell  is  narrower  and  its  ver- 
tical diameter  greater  than  it  is  forward  of  the*  middle ;  ventral  valve 
strongly  arcuate  from  beak  to  front,  the  curvature  being  greatest  behind 
the  middle,  rather  more  capacious  than  the  other  valve ;  beak  prominent, 
incurved,  but  not  coming  quite  in  contact  with  that  of  the  dorsal  valve ; 
foramen  moderately  large,  not  squarely  truncating  the  beak,  but  opening 
obliquely  backward ;  mesial  sinus  broad,  more  or  less  distinct  at  the  ante- 
rior part  of  the  valve,  but  becoming  obsolete  at  or  a  little  behind  the 
middle;  dental  plates  extending  but  little,  if  any,  in  front  of  the  teeth, 
placed  so  near  the  sides  of  the  beak  that  the  space  between  them  and  the 
sides  of  the  shell  is  very  narrow ;  dorsal  valve  generally  almost  straight 
along  the  median  line  from  the  front  margin  to  a  little  behind  the  middle, 
from  which  part  it  gently  curves  to  the  beak ;  gently  and  somewhat  uni- 
formly convex  from  side  to  side,  without  a  mesial  fold,  except  that  some- 
times the  front  margin  is  slightly  raised  to  conform  to  the  shallow  sinus 
of  the  other  valve ;  character  of  the  loop  not  fully  known,  but  it  reaches 
ferther  forward  than  the  middle  of  the  shell ;  surface  nearly  smooth ; 
shell  structure  finely  punctate. 

This  shell  varies  considerably  in  size  and  shape.  One  example  in  the 
collection  of  the  U.  8.  National  Museum  measures  30  mm.  in  length.  An 
average  size  is  about  17  mm.  long  and  12  or  13  mm.  broad.  This  species 
is  more  or  less  common  in  Coal  Measure  strata,  and  it  is  known  to  range 
from  Ohio  to  Nevada. 

Locality.  It  has  been  found  at  the  following  localities  in  Indiana: 
Perrysville,  Eugene,  Newport,  Lodi,  Terre  Haute  (west  of),  Posey,  War- 
rick, Perry  and  Crawford  counties. 
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POLYZOA. 
Genus  Synocladia,  King. 

SyNOCLADIA   BISERIALIS,  SiVoUoW. 

PlaU  2d,  figs.  11,  12  and  IS. 
Synocladia  risbbialis,  Hwallowt  1858.    Trans.  St.  Louis  Acad.  Sci^  h  P*  179. 

Polyzoary  probably  infiindibuliform,  but  the  specimens  usually  found 
consist  only  of  spreading  frond-like  fragments ;  primary  branches  a  little 
larger  than  the  others,  the  latter  increasing  by  divergence  at  various 
angles  from  the  primary  branches,  also  occasionally  from  each  other,  and 
rarely  by  starting  upward  from  the  middle  of  a  dissepiment ;  dissepi- 
ments celluliferous,  a  little  narrower  than  the  branches,  arching  upward 
a  little  as  they  extend  from  branch  to  branch;  fenestrules  irregularly 
four-sided ;  upper  side  usually  convex  and  the  lower  side  sometimes  con- 
cave ;  about  nine  of  them  may  be  measured  in  the  length  of  a  centi- 
meter ;  measured  upward,  they  are  generally  wider  than  the  branches, 
but  occasionally  narrower,  especially  near  the  base  of  the  polyzoary. 
Upon  the  poriferous  side  of  the  polyzoary  the  branches  and  dissepiments, 
especially  the  former,  are  each  provided  with  an  irregular  mesial  oarina, 
consisting  of  small,  elongate,  confluent  nodes,  which  are  sometimes  sharp 
and  prominent.  CeU-apertures  moderately  large,  rounded,  borders  prom- 
inent ;  cells  arranged  in  single,  quite  distinct  lines,  one  on  each  side  of 
the  mesial  carina  of  the  branches,  and  generally  each  dissepiment  bears  a 
double  row  of  similar  cells.  Upon  some  of  the  dissepiments  the  cells 
form  only  a  single  row  at  the  middle,  while  upon  others  they  are  not  only 
double,  but  another  cell  is  added  near  the  junction  with  the  branch,  giv- . 
ing  three  cells  abreast  at  those  points. 

This  form  is  one  of  the  most  common  of  the  Fenestelloid  Polyzoa  that 
occur  in  Coal  Measure  strata. 

Locality.  It  may  be  sought  for  in  Indiana  above  the  roof  of  coal  K., 
and  thence  throughout  Upper  Coal  Measures. 

CONCHIFERA. 

Genus  Lima,  Bruguwre, 

Lima  retifera,  Shumard. 

PlaU  28,  fig.  4. 
Lima  bxtipbba,  Shumard,  1858.    Trans.  St.  Louis  Acad.  Sci.,  I,  p.  214. 

Shell  obliquely  subovate ;  posterior  side  short ;  anterior  side  obliquely 
extended;  the  valves  gently  convex;  cardinal  border  comparatively 
short ;  the  basal  border  forming  a  nearly  regular  semi-circular  curve ;  pos- 
terior margin  regularly  rounded;    anterior  margin  somewhat  narrowly 
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rounded  below  and  sloping  obliquely  upward  and  backward  to  the  cardi- 
nal border;  ears  small,  distinct,  nearly  equal  in  size,  the  anterior  one 
forming  an  obtuse  angle  and  the  posterior  one  a  nearly  right  angle ;  beaks, 
moderately  prominent  and  projecting  slightly  beyond  the  cardinal  mar- 
gin, and  situated  near  the  mid-length  of  that  margin ;  surface  of  each 
valve  marked  by  about  twenty-five  angular  radiating  costse,  with  inter- 
spaces of  similar  width  with  the  costse,  all  of  which  are  crossed  by  numer- 
ous concentric,  fine  lamellations  of  growth. 

Height,  15  mm. ;  length,  18  mm. 

This  is  a  somewhat  rare  shell,  but  it  has  a  rather  wide  geographical 
range. 

Locality.  It ^ may  be  sought  for  in  the  following  Indiana  localities: 
Knox,  Gibson  and  Posey  counties. 


Genus  Monopteria,  Meek  and  Worthen. 

MoNOPTERiA  QiBBOSA,  Meek  and  Worthen, 

Plate  dO, figs.  Hand  12. 

MoKOPTCBiA  oiBBOSA,  M.  and  W.,  1866.    Illinois  Geol.  Reports,  II,  p.  340,  pi.  27,  fig.  11. 

Shell,  exclusive  of  the  wing  and  posterior  prominence,  iA^gularly  sub- 
orbicular  in  marginal  outline ;  the  valves  moderately  convex  or  a  little  gib- 
bous ;  the  anterior  and  basal  margins  forming  an  almost  regular  semicir- 
cular curve;  posterior  portion  of  the  sheU  produced,  narrow  and  narrowly 
rounded,  or  subangular,  at  the  extremity ;  wing  slender,  compressed  and 
extending  backward  as  fiu*  as  the  narrow  posterior  extremity,  between 
which  the  posterior  margin  forms  a  deep,  broad  notch,  that  is  narrowly 
rounded  at  the  bottom ;  umbonal  ridge  moderately  distinct;  beaks  equal, 
not  placed  so  far  forward  as  the  front  margin  of  the  shell ;  anterior  lunule 
deep;  cardinal  border  not  as  long  as  the  full  diameter  of  the  shell;  sur- 
face marked  only  by  the  ordinary  lines  of  growth. 

Length,  from  posterior  extremity  to  fix)nt,  27  mm.;  height,  from  base 
to  beaks,  23  mm. 

Locality.  This  shell  was  originally  described  from  Gallatin  county,  Illi- 
nois. It  may  be  sought  for  in  the  following  Indiana  localities :  Vermil- 
lion, Sullivan  and  Posey  counties. 
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Genus  Myalina,  de  Koninek, 

Myalina  bubquadrata,  Shumard, 

PlaU  29ffig8, 1  and  2;  and  plaU  ZO^figs,  1  and  2. 
Myalina  subquadbata,  Shumard^  1855.    Swallow'^  Geol.  Sar.  Missoari,  p.  207,  pl.C,  fiir.  17. 

Shell  large,  oblong  in  marginal  outline,  the  height  being  much  greater 
than  the  antero-posterior  diameter ;  right  valve  nearly  flat  or  only  slightly 
convex ;  the  left  valve  more  convex  than  the  right ;  hinge  line  nearly 
straight,  usually  equal  to  the  greatest  width  of  the  valves,  at  right  angles 
with  tfae  vertical  axis  of  the  sheU ;  basal  margin  regularly,  and  some- 
times, but  not  usually,  somewhat  narrowly  rounded;  posterior  margin 
nearly  vertical  or  moderately  convex,  rounding  to  the  base  below  and 
usually  meeting  the  hinge  line  at  nearly  right  angles,  but  sometimes  at  an 
obtuse  angle;  anterior  margin  rounded  to  the  basal  margin,  vertical  along 
the  middle,  then  reaching  the  projecting  beaks  by  a  moderately  broad, 
concave  curve;  cardinal  area  moderately  broad,  the  narrow  cardinal  fur- 
rows well  defined ;  beaks  terminal  and  projecting  prominently  forward ; 
surface  marked  only  by  concentric  lines  and  a  few  laminations  of  growth, 
which  are  more  distinct  upon  the  left  valve  than  upon  the  right. 

Height,  from  base  to  cardinal  margin  of  a  full  grown  example,  94  mm.; 
transverse  wi(fth  of  the  same,  58  mm. 

Locality,  This  large  Myalina  has  quite  a  large  distribution  in  the  Coal 
Measures.  It  has  been  found  at  the  following  Indiana  localities :  Upper 
Coal  Measures  of  Knox,  Gibson  and  Posey  counties. 

Myalina  recurvirostris,  Meek  and  Worthen, 

PlaU  29,  figs.  3  and  4. 

Myalina  BBCUBTtBOSTBis,  M.  &  W.,  1866.    lUinois  Geol.  Reports,  II,  p.  344,  pi.  XXVI.  flc  9. 

Shell  moderately  large,  except  as  compared  with  if.  siibquadrata ;  ob- 
liquely subtrigonal  in  marginal  outline ;  posterior  side  compressed ;  trans- 
versely flattened  a  little  beneath  the  beaks;  both  valves  moderately 
convex,  the  left  valve  being  more  so  than  the  other ;  umbo  of  each  valve 
gibbous  and  narrowly  rounded  along  the  axis ;  cardinal  border  straight  or 
slightly  convex ;  its  length  about  equal  to  the  height  of  the  sheU  in  young 
examples,  but  it  is  proportionally  shorter  in  adult  examples;  posterior 
margin  gently  convex  in  outline,  its  general  range  being  at  nearly  right 
angles  with  the  cardinal  border,  rounding  gradually  to  the  narrowly 
rounded  basal  margin ;  anterior  margin '  rounding  to  the  base  below,  a 
little  concave  above,  where  it  ranges  at  an  angle  of  about  55®  with  the 
cardinal  border ;  beaks  terminal,  pointed ;  that  of  the  left  valve  twisted 
BO  as  to  have  a  partially  backward  direction,  but  the  other  is  merely  di- 
rected forward ;  surface  of  both  valves  marked  by  numerous  concentric 
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lamellae  of  growth,  which  are  most  distinct  upon  the  left  valve,  and  more 
prominent  upon  the  anterior  part  of  the  shell  than  elsewhere;  ligament 
area  narrow  and  traversed  by  a  few  longitudinal  coarse  striae ;  just  beneath 
the  beaks  the  anterior  margin  is  thickened  so  as  to  present  a  kind  of  false 
area,  a  little  broader  than  the  cardinal  area ;  between  these  two  areas,  in 
the  left  valve,  there  is  an  oblique  groove  and  a  corresponding  prominence 
in  the  right  valve ;  posterior  muscular  impression  large  and  elongate- 
subovate,  the  narrower  end  being  uppermost  and  located  near  the  middle 
of  the  posterior  side. 

Height,  on  a  vertical  line,  at  right  angles  with  the  hinge,  45  mm. ; 
greatest  breadth,  40  mm. ;  convexity,  24  mm. 

Locality.  The  original  examples  of  this  species  were  obtained  from  the 
Upper  Coal  Measures,  near  La  Salle,  Illinois,  but  they  may  be  sought  for 
anywhere  in  the  Indiana  Upper  Coal  Measures. 


Myalina  (?)  SwALLOVi,  McChemey. 

Plaie  30,  figs,  6,  7  and  8. 
Myaltka  Swallovi,  JWcC  1860.    New  PaleoKoic  Fossils,  p.  57. 

Shell  small,  oblique,  equivalvfe  or  nearly  so ;  valves  gibbous  along  their 
upper  median  portion,  the  general  aspect  of  the  shell  being  like  that  of 
a  Modiola;  anterior  margin  sinuous,  so  that  an  indistinct  small  lobe  is 
formed  in  front  of  the  beaks  and  the  somewhat  prominent  umbonal  ridge ; 
hinge  line  equal  to  about  one-half  the  entire  length  of  the  valves,  straight, 
meeting  the  posterior  margin  without  a  perceptible  angle ;  postero-basal 
margin  narrowly  rounded ;  cardinal  area  very  narrow  and  marked  by  two 
or  three  indistinct  longitudinal  striae;  surface  marked  by  the  ordinary 
concentric  lines  and  a  few  imbrications  of  growth. 

Extreme  length  of  an  average  sized  example,  28  mm. ;  greatest  trans- 
verse breadth,  14  mm. ;  convexity,  10  mm. 

This  is  a  shell  concerning  which  the  real  generic  relations  have  been 
regarded  as  obscure  by  every  author  who  has  written  of  it.  It  seems  to 
be  worthy  of  at  least  a  separate  subgeneric  designation,  but  none  has  hith- 
erto been  proposed  for  it. 

Locality.  It  has  a  very  wide  distribution  in  the  North  American  Car- 
boniferous rocks,  and  in  the  States  bordering  the  Mississippi  it  is  regarded 
as  characteristic  of  the  Upper  Coal  Measures.  It  has  been  found  at  the 
foUowing  Indiana  localities :  Parke,  Vermillion  and  Vigo  counties,  at 
the  horizon  of  coal  M. 
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^  Genus  Entolium,  Meek. 

Entolium  aviculatum,  SwaUcw, 

Plate  28,  figs,  7  and  8. 

Peotbn  aviculatus,  SwiUlowt  1858.    Trans.  Acad.  Sci.  St  Louis,  I,  p.  215. 
Entolium  ayiculatum.  Meek,  1872.    U.  S.  Geol.  Sur  Nebraska,  p.  189,  pi.  IX,  fig.  11. 

Shell  compressed  lenticular,  thin,  equivalve,  suborbicular  in  marginal 
outline,  exclusive  of  the  ears;  height  usually  a  trifle  greater  than  the 
transverse  width  of  the  shell ;  the  lateral  margins,  from  the  mid-height  of 
the  shell,  regularly  and  continuously  rounded  with  the  basal  margin ;  lat- 
eral margins  above  the  mid-height,  straight  and  converging  toward  the 
beaks ;  cardinal  margin  short,  its  length  less  than  one-third  the  transverse 
diameter  of  the  shell ;  ears  small,  flat  and  nearly  equal,  obtusely  angu- 
lar at  the  extremities,  defined  from  the  body  of  the  valves  by  a  distinct 
depression,  but  not  by  any  auricular  grooves;  beaks  small,  compressed, 
equal,  not  projecting  beyond  the  cardinal  margin ;  each  valve  has  two 
shallow,  undefined  impressions  diverging  from  the  beak  nearly  to  the  an- 
terior and  posterior  margins  respectively,  that  on  the  posterior  side  being 
the  longer;  surface  apparently  plain,  but  imder  a  magnifier  it  is  seen  to 
be  marked  by  very  fine,  close-set,  concentric  striae,  and  occasionally  traces 
of  fine  radiating  strise. 

Height,  24  mm.;  breadth,  22  mm. 

LocaJAiy,  This  species  is  found  in  both  the  Upper  and  Lower  Coal 
Measures.  Its  known  geographical  range  is  from  Indiana  to  Nebraska, 
It  has  been  found  at  the  following  Indiana  localities :  Horizons  of  coals  K. , 
L.  and  M.,  in  Fountain,  Vermillion,  Vigo,  Pike,  Dubois,  Perry,  and 
Spencer  counties. 

Genus  Eumicrotis,  Meek. 

EuMiCROTis  Hawni,  Meek  and  Rayden. 
PUUe  SOy  fig.  10. 

EuMiCBOTis   Hawni,  M.  and   W.,  1866.    Illinois  Oool.  Reports, II,  p.  338,  pi.  27,  fi^s.  12,13, 

*       and  14. 

Shell  subovoid  in  marginal  outline;  obliquity,  little  or  none;  upper 
posterior  margin  nearly  straight,  sloping  abruptly  downward  fi^m  the 
cardinal  margin ;  anterior  margin  more  or  less  regularly  rounded  below 
the  ear ;  basal  margin  somewhat  regularly  rounded ;  cardinal  Hot  so  long 
as  the  median  transverse  diameter  of  the  shell ;  hinge  area  moderately 
broad ;  cartilage  pit  distinct,  placed  immediately  below  the  beak  in  each 
valve;  left  valve  moderately  ventricose;*  umbo  a  little  incurved  and  pro- 
jecting a  little  above  the  cardinal  margin ;  posterior  ear  narrow,  obliquely 
truncated ;  anterior  ear  larger,  its  outer  margin  narrowly  rounded ;  the 
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notch  below  it  deep  and  subangular ;  surface  marked  by  somewhat  irreg- 
ular undulating  costse  of  unequal  size ;  these  are  crossed  by  more  or  less 
distinct  lamellse  of  growth,  which  are  sometimes  vaulted  on  the  costse; 
right  valve  nearly  flat ;  byssal  sinus  deep  and  narrow ;  surface  more  ob- 
scurely marked  than  that  of  the  left  valve. 

Height,  34  mm.;  breadth,  28  mm. 

Locality.  The  original  specimens  were  obtained  in  Elansas.  It  is  also 
known  in  Illinois,  and  may  be  sought  for  in  the  Upper  Coal  Measures  of 
Indiana. 

Genus  Aviculopecten,  McCoy, 

AvicuLOPECTEN  occiDENTALis,  Shumard, 

PlaU2B,fig.S. 
Prctbn  ncciDRNTALis,  Shumatxlf  1855.    Swallow's  Geol.  Report  Missouri,  p.  207,  pi.  C,  fig.  18. 

SheU  inequivalve;  both  ears  well  defined;  cardinal  border  at  nearly 
right  angles  with  the  axis  of  the  shell  and  almost  as  long  as  its  full 
antero-posterior  diameter;  marginal  outline,  exclusive  of  the  ears,  sub- 
ovate;  left  valve  more  convex  than  the  right;  anterior  ear  about  as 
long  as  the  posterior  one,  more  convex  and  a  little  more  sharply  defined, 
by  the  auricular  furrow,  from  the.  body  of  the  valve  than  the  other  ear, 
its  extremity  obtuse,  and  inferior  border  concave;  its  sur&ce  marked  by 
distinct  radiating  costse,  which  are  a  little  coarser  than  those  upon  the 
body  of  the  valve  at  the  same  distance  from  the  beak;  posterior  ear 
clearly  defined  from  the  body  (rf  the  valve  by  a  shallow  auricular  furrow, 
sharply  angular  at  the  outer  extremity ;  outer  margin  concave,  its  surface 
marked  by  concentric  lines,  all  radiate  markings  being  obsolete ;  surface 
of  the  body  of  the  valve  marked  by  depressed,  flattened,  or  very  slightly 
convex,  radiating  costse,  which  gradually  increase  in  size  toward  the  free 
margins,  and  increase  in  number  by  implantation  at  diflerent  distances 
from  the  beak,  only  about  a  dozen  of  them  reaching  it ;  the  implanted 
costas,  beginning  as  mere  striae  between  the  others,  are  of  unequal  size  on 
all  parts  of  the  valve ;  the  costse  are  crossed  by  numerous  distinct  concen- 
tric strije ;  right  valve  flat  or  slightly  convex ;  beak  flattened,  and  not 
distinct,  as  such,  at  the  cardinal  border ;  costse  similar  in  character  to  those 
of  the  other  valve,  but  they  are  not  nearly  so  distinct ;  outline  correspond- 
ing with  that  of  the  left  valve,  ej^cept  that  the  anterior  ear  is  narrower, 
and  defined  by  a  deeper  and  sharply  angular  sinus. 

Height,  from  base  to  cardinal  border,  42  mm.;  breadth,  37  mm. 

This  is  one  of  the  most  common  Conchifers  of  the  Carboniferous  rocks 
of  the  United  States,  from  Indiana  westward,  and  it  has  been  found  in 
Utah  and  Arizona.  It  ranges,  also,  from  the  Lower  Coal  Measures  to  the 
Upper,  and,  according  to  Meek,  it  passes  up  into  the  Permian  strata  in 
Kansas. 

Locality.     It  has  been  found  in  Pike  and  Gibson  counties,  Indiana. 
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AVICULOPECTEN   CARBONIFERUS,    Stevms. 

PlaU  28,  fig9.  5  and  6. 
PRCTKN  CABBONIFBROUS,  Stevetu,  1858.    Am.  JouF.  Sci.,  XXV,  p.  261. 

Shell  rather  less  than  medium  size ;  its  axis  a  little  oblique  with  the 
cardinal  border;  moderately  convex;  the  height  and  breadth  nearly 
equal ;  cardinal  border  nearly  or  quite  straight ;  its  length  not  quite  equal 
to  the  transverse  diameter  of  the  shell,  bearing  "a  marginal  ridge  m  each 
valve ;  full  margin,  regularly  and  continuously  rounded  from  a  little  below 
the  mid-height  of  the  shell  on  the  posterior  side  to  a  little  above  it  on  the 
anterior  side ;  above  this  rounded  portion  the  sides  of  the  body  of  the 
shell,  exclusive  of  the  ears,  slope  directly  to  the  beak ;  left  valve  more 
convex  than  the  other ;  the  posterior  ear  well  defined,  somewhat  extended 
and  acutely  pointed  at  the  extremity,  its  outer  and  lower  margin  broadly 
concave ;  anterior  ear  about  two-thirds  as  long  as  the  other,  more  obtuse 
at  the  extremity  but  still  angular,  distinctly  defined  from  the  body  of  the 
valve  by  an  auricular  furrow,  and  divided  below  by  a  subangular  sinus ; 
right  valve  nearly  flat  or  very  gently  convex^  its  anterior  ear  narrow,  and 
beneath  it  there  is  a  deep  abrupt  sinus ;  posterior  ear  similar  in  size  and 
shape  with  that  of  the  left  valve ;  the  left  valve  bears  fifteen  or  sixteen 
angular  radiating  ribs  which  are  separated  by  furrows  of  similar  size  with 
the  ribs,  each  one  terminating  at  the  free  border  in  a  sharp,  recurved  spine ; 
the  surface  is  also  marked  by  lines  of  growth,  which  are  more  distinctly 
observable  upon  the  ears,  which  are  not  marked  by  distinct  radiating 
features ;  besides  the  lines  of  growth,  there  are,  at  somewhat  regular  in- 
tervals, distinct  concentric  imbrications,  which,  having  been  once  free 
borders,  show  digitations  similar  to  those  o€  the  margin ;  the  surface 
markings  of  the  right  valve  are  similar  to  those  of  the  left,  but  much  less 
distinct. 

Height,  from  base  to  cardinal  margin,  19  mm.;  breadth  about  the 
same. 

This  is  probably  the  same  species  that  was  described,  but  not  figured, 
by  Professor  Swallow,  from  the  Upper  Coal  Measures  of  Missouri,  under 
the  name  of  Peden  Broadheadi ;  and  it  is  no  doubt  identical  with  the 
Peden  Hawni  of  Geinitz,  from  Nebraska.  Specimens  of  the  same  have 
also  been  found  in  New  Mexico,  by  parties  connected  with  the  United 
States  explorations  and  surveys  west  of  the  100th  meridian. 

Locality.  This  species  has  been  found  at  the  following  localities  in  Indi- 
ana :  At  Lick  Branch,  near  Silverwood,  Fountain  county,  and  in  Ver- 
million county. 
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AvicuLOPECTEK  (?)  iNTEBLiiiKATUB,  Meek  and  Worihen. 

Plate  30,  fg.  9. 
ATicvLOPBCTXif  INTKBLIKBATVS»  M.mtJ  W,    Ulioois  Geol.  Bar.  n,  p.  329,  pi.  26,  fig.  7. 

Shell  rather  smaU,  broadly  subovate  in  outline  exclusive  of  the  ears ; 
breadth  nearly  equal  to  the  height,  slightly  oblique,  or  the  axis  almost  at 
right  angles  with  the  cardinal  border;  hinge  line  about  equal  in  length  to 
the  full  breadth  of  the  shell ;  ears  prominent,  posterior  one  more  promi- 
nent than  the  other ;  anterior,  basal,  and  posterior  margins  regularly  and 
continuously  rounded;  beak  depressed;  umbonal  slopes  moderately  dis- 
tinct ;  left  valve  slightly  convex  or  nearly  flat ;  posterior  ear  a  little  larger, 
or  nearly  of  the  same  size  as  the  other,  produced  to  a  sharp  angle  at  the 
cardinal  extremity,  its  outer  border  sometimes  straight  and  sometimes 
curved,  and  forming  an  obtuse  retreating  angle  with  the  posterior  margin 
of  the  shell;  anterior  ear  triangular,  flattened,  its  outer  border  slightly 
convex  or  nearly  straight,  and  its  extremity  bluntly  angular;  surface 
marked  by  ten  or  twelve  sharply  raised,  slender,  concentric  ridges,  each 
one  being  of  nearly  uniform  width  throughout,  but  each  successively  a 
trifle  stronger  than  the  preceding  one,  separated,  along  the  axis  of  the 
valve,  by  interspaces  each  of  whidi  are  four  or  five  times  as  wide  as  the 
adjacent  concentric  ridges ;  but  the  interspaces  diminish  in  width  toward 
the  umbonal  region,  upon  which  the  ridges  are  very  near  together;  the 
latter  then  diverge,  crossing  the  ears,  and  all  end  abruptly  upon  the  car- 
dinal margin ;  sur&ce  between  the  ridges  marked  by  numerous  fine,  uni- 
form, concentric  strise,  and  also  by  faint  indications  of  radiating  costse. 

Breadth,  17  mm.;  height,  from  base  to  cardinal  margin,  16  mm. 

This  interesting  shell  is  somewhat  rare,  but  it  is  known  in  the  widely 
distant  regions  of  Central  Illinois  and  Northern  Arizona. 

Locality.  It  may  be  reasonably  sought  for  in  the  Upper  Coal  Measures 
of  Indiana. 

Genus  Pink  a,  Lhmceus, 

Pinna  peraguta,  Shumard. 

PltUe  28,  /9S.  1  and  2. 

PiNXA  rsKACUTA,  ShvwMrd,  185S.   Tiraat.  8t  Loais  Aead.  Soi.,  I,  p.  214. 

Shell  long  and  slender,  tapering  regulariy  from  the  larger  to  the  smaller 
extremity ;  the  valvea  so  convex  that  the  shell  is  subcylindrical,  except 
toward  the  larger  end  where  it  is  more  flattened ;  hinge  margin  straight ; 
the  dorsal  edges  of  the  valves  sudd^y  erected  so  as  to  give  the  hinge 
margin  a  carinated  appearance ;  ventral  margin  straight  like  the  dorsal, 
with  which  it  forms  an  angle  of  about  12** ;  posterior  -margin  rounded 
broadly  and  obliquely  upward  and  backward  to  the  dorsal  margin ;  sur- 
face plain,  marked  only  by  obacure  concentric  lines  of  growth. 
10-~Geol 
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This  species  is  remarkable  for  its  long  and  slender  form.  The  futl 
length  of  the  largest  examples  could  not  have  been  less  than  250  mm. 

Locality,  It  is  known  in  both  the  Upper  and  Lower  Coal  Measures, 
from  Indiana  to  Nebraska.  It  has  been  found  in  the  Upper,  Middle  and 
Lower  Coal  Measures  of  Indiana. 


Genus  Nuculana,   lAnk. 

NUCULANA  BELLIBTRIATA,    StevenS. 

PtaU  31,  Jigs.  8  and  9. 
Lboa  bbllistbiata,  SteveiUt  1858.    Amer.  Joar.  Sci.,  XXV,  p.  261. 

Shell  transversely  elongate-subovate,  gibbous  anteriorly  and  attenuate 
behind ;  basal  margin  broadly  convex,  straightened  in  the  middle ;  ante- 
rior margin  narrowly  rounded;  posterior  margin  very  narrow;  postero- 
dorsal  margin  nearly  straight,  sloping  backward  and  a  little  downward 
from  behind  the  beaks ;  umbonal  ridges  well  defined,  situated  near  to  the 
postero-dorsal  margin,  their  outline,  as  seen  from  above,  forming  an  elon- 
gate ellipse  which  has  a  concave  surface  on  each  side  of  the  median  ridge, 
which  is  formed  by  the  up-flexed  margins  of  the  valves  there ;  umbones 
prominent ;  beaks  incurved,  situated  about  two-fifths  of  the  full  length  of 
the  shell  from  its  front;  surface  marked  by  fine,  regular,  concentric, 
raised  strise,  which  are  obsolete  upon  the  umbonal  ridges  and  the  space 
which  they  enclose. 

Length  of  a  large  example,  27  mm.;  height,  12  mm.;  convexity,  9 
mm.  A  large  majority  of  the  examples  are  considerably  smaller  than 
this. 

Locality,  This  species  has  been  found  at  the  following  localities: 
Horizon  of  coal  M.,  in  Vermillion,  SulHvan,  Vanderburg,  and  Warrick 
counties. 

Grenus  Nucula,  Lamarck, 

Nucula  vENTBicjoeA,  Eall, 

PUUt  27,  fig%,  ^  and  10. 

NucDLA  VENTBioosA,  Hnil,  1858.    aeol.  of  Iowa,  Part  II,  p.  716,  pi.  29,  fig.  5. 

Nucula  ybntbioosa,  Whiu,  1882.    Ind.  Oeol.  Rep.  for  1881,  p.  371,  pi.  42,  figs.  9  and  10. 

Shell  small,  subovate  in  marginal  outline;  valves  ventricose,  the  great- 
est convexity  being  a  little,  forward  of  the  middle ;  posterior  end  short, 
obliquely  truncated  from  the  beaks  to  the  narrowly  rounded  posterior 
margin ;  basal  margin  broadly  rounded ;  front  margin  narrowly  rounded ; 
dorsal  margin  sloping  downward  with  a  gentle  convex  curve  to  the  front 
margin ;  beaks  well  defined,  incurved ;  a  more  or  less  distinct  dorsal  con- 
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cavity  behind  them;    the  general  surface  having  a  smooth  appearance, 
but  concentric  stnm  are  generally  observable  toward  the  basal  margin. 

Loealiiy,.  Coal  Measure  strata,  Sullivan  county,  Indiana,  and  generally 
at  roof  of  coal  M. 

Grenus  Schizodus,  King. 

ScHizoDUS  Wheeleri,  SuxdUyw. 

Plate  30,  figs,  3,  4  and  6. 

Gtpricardia  Whbblxbi,  SwaUowi  1862.    Trans.  St.  Louis  Acad.  Soi.,  II,  p.  96. 
Schizodus  Whrblkbi,  Meek^  1872.    U.  S.  Oeol.  Sar.  Nebraska,  p.  209,  pi.  X,  fie  1. 

Shell  of  moderate  size,  irregularly  subtrihedral  or  subovate  in  marginal 
outline ;  posterior  portion  lateraUy  compressed ;  anterior  portion  inflated  ; 
umbones  elevated ;  beaks  incurved,  situated  at  about  one-quarter  of  the 
full  length  of  the  sheU  from  the  anterior  extremity ;  margins  of  the  front 
and  the  anterior  part  of  the  base  forming  a  continuous  and  regular  curve ; 
basal  margin  sloping  upward  and  meeting  the  downward  and  backward 
slope  of  the  posterior  margin  at  a  prominent  angle,  which  is  abruptly 
rounded  at  the  extremity ;  dorsal  margin  straight,  sloping  a  little  down- 
ward from  the  beaks  to  the  obliquely  truncated  posterior  margin ;  posterior 
umbonal  slope  prominent,  sometimes  forming  a  rather  distinct  ridge, 
which  ends  at  the  prominent  angle  of  the  posterior  margin  and  consider- 
ably increases  its  projection ;  sur&ce  marked  only  by  the  ordinary  lines 
of  growth. 

Length  of  an  ordinary  sized  example,  from  the  front  margin  to  the 
posterior  angle,  31  mm. ;  height,  from  base  to  umbones,  22  mm. 

This  is  a  widely  distributed  Coal  Measure  species,  it  being  known  to 
range  from  Indiana  to  Nebraska  and  New  Mexico.  It  is  usually  found 
in  the  condition  of  casts  of  the  interior  of  the  shell,  which  give  no  surface 
features,  but  in  such  cases  it  ift  rex^gnkable  with  little  diflicuky  by  its 
shape. 

Locality,  It  may  be  reasonably  sought  for  in  the  Upper  Coal  Measures 
of  Indiana. 

Genus  Clinopistha,  Meek  and  Worthen. 

CUNOPISTHA  RADIATA,  HoU. 

Plate  31,  figs.  6  and  7. 

Edmohdia  badiata,  HtUlf  1868.    GeoUgy  of  Iowa,  part  II,  p.  716,  pi.  XXIX,  fig  3. 
Clinopistha  radiata,  M.  A  W.,  1873.    Illinois  Geol.  Reports,  V,  p.  584,  pi.  XXVII,  fig.  7. 

Shell  irr^ularly  oblong  or  suboval  in  marginal  outline,  the  anterior 
side  being  somewhat  deeper  than  the  posterior ;  the  valves  moderately 
convex  when  young,  but  the  shell  becomes  ventricose  with  age ;  beaks 
obtuse,  moderately  prominent,  situated  very  near  the  postipy:^  i^nii^^i^lC 
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shell ;  anterior  margin  regularly  rounded ;  posterior  mar^n  short,  verti- 
cally truncated ;  basal  margin  stnughtened  or  slightly  emarginate ;  dorsal 
margin  nearly  straight  and  rounded  down  to  the  front  margin ;  ligament 
short,  subovd,  and  situated  immediately  behind  the  beaks;  surface  hav- 
ing a  polished  aspect,  but  it  shows  fine  concentric  lines  of  growth  and 
obscure,  fine,  radiating  lines. 

Length,  25  mm. ;  height,  16  mm. ;  convexity,  10  mm. 

Locality.     Upper  Coal  Measures  of  Indiana. 


Genus  Edmondia,  cfe  Koninxk. 

Edmondia  AspiNWALLBirBis,  Meek. 

PtaleU,fig».Aandb. 
Edmokoia  Aspinwallihsis,  Jfeefe,  1S72.    U.  8« Qeol.  Sanrey  Nebraeka,  p.  216,  pi.  IV,  fig.  2. 

Shell  transversely  subovate  in  marginal  outline;  valves  having  consid- 
erable convexity,  the  greatest  being  in  front  of,  and  a  little  above  the 
middle ;  basal  margin  broadly  convex ;  posterior  margin  somewhat  nar- 
rowly rounded  or  sometimft  fiiindy  subtruncate;  dorsal  margin  sloping 
a  little  downward  with  a  slight  convexity ;  anterior  dorsal  margin  short, 
and  declining  abruptly  to  the  narrowly  rounded  front  margin ;  beaks  not 
prominent,  incurved,  situated  near  the  anterior  end  of  the  shell ;  surface 
marked  by  distinct  lines  and  undulations  of  growth. 

Length,  37  mm.;  height,  27  mm.;  diameter,  18  mm. 

Locality.  This  species  is  known  to  range  from  West  Virginia  to  Ne- 
braska. It  may  be  sought  for  in  the  Upper  and  Middle  Coal  Measures  of 
Indiana. 

^  Genus  Allobibma,  Sjn^. 

Allorisma  bubcunbata,  Meek  and  Haydeti. 

PlateSl,fyi.l,2amdt, 
Allobisma  subousiata,  M.  a$ui  H.,  1854.    FBle^at.  Upper  MlM««ri,  p.  S7,  pi.  I,  fiff.  10. 

Shell  reaching  a  large  size,  transversely  elcmgate,  being  two  or  more  . 
times  as  long  as  high,  gibbous  anteriorly,  eorapressed  posteriorly,  where 
the  valves  are  a  little  gaping;  basal  and  dorsal  margins  sub-parallel,  the 
latter  very  broadly  convex;  posterior  margin  narrowly  rounded;  firont 
margin  still  more  narrowly  rounded  below,  but  above  it  slopes  abruptly 
upward  and  backward  toward  the  beaks;  dorsal  margin  slightly  concave 
or  nearly  straight,  and  rounded  to  the  posterior  border ;  surfiu^  marked 
by  concentric  lines  and  distinct  undulatioBS  of  growth. 
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Length,  103  mm.;  height,  from  base  to  cardinal  margin,  41  mm.  Many 
examples  are  somewhat  smaller  than  this,  but,  occasionally,  an  example 
is  found  that  is  considerably  larger. 

This  large  fine  shell  has  a  very  wid^  geographical  range,  it  being  known 
from  Indiana  to  Utah  and  New  Mexico.  Throughout  this  wide  range 
it  retains  all  its  essential  characteristics  so  completely  that  it  is  readily 
recognizable. 

Locality.     It  has  been  found  throughout  the  Coal  Measures  of  Indiana. 


GASTEROPODA. 

The  GENERA  Maceocheilus  and  Soleniscus. 

No  more  confusion  probably  exists  in  relation  to  any  group  of  fossil 
shells  than  is  to  be  found  among  those  which  have  been  referred  to  the 
genus  MaerocheiluSy  from  North  American  Devonian  and  Carboniferous 
strata.  Not  only  have  shells  of  doubtful  and  diverse  character  been 
referred  to  that  genus  by  different  authors,  but  much  uncertainty  also 
-exists  as  to  the  specific  identity  of  the  forms  to  which  various  specific  names 
have  been  given.  The  causes  of  this  uncertainty  are  various.  First,  sev- 
eral of  the  species  which  have  been  proposed  have  never  been  figured, 
the  type  specimens  are  inaccessible,  and  the  descriptions  alone  are  insuffi> 
<;ient  to  permit  a  satisfactory  discrimination  of  those  species  among  the 
closely  related  forms.  Second,  the  range  of  variation  among  all  the 
recognizable  species  is  so  great  that  with  numerous  specimens  in  hand  it  is 
often  difiicult  to  decide  upon  definite  specific  limits.  Third,  dissimilar 
groups  of  species  have  been  placed  together  imder  MaerocheUvs. 

Among  the  somewhat  numerous  North  American  Devonian  and  Car- 
l)oniferous  species,  especially  the  latter,  that  have  been  referred^  to  the 
^nus  MaerocheUus  of  Phillips,  are  certain  forms  which  plainly  do  not  an- 
swer the  description  of  that  genus  as  it  was  originally  given,  or  as  its 
•characteristics  have  usually  been  stated  by  authors.  The  differences 
between  these  species  and  those  which  I  regard  as  true  Macrocheilus  per- 
tain mainly  to  the  columella  and  inner  lip ;  but  they  also  possess  a  more 
massive  test.  Some  of  the  American  species  which  have  been  referred  to 
MacrocheUm  have  a  plain,  more  or  less  sinuous,  inner  lip,  which  is  only 
slightly  covered  with  callus  and  destitute  of  any  trace  of  ridges  or  folds. 
These,  I  assume  to  be  typical  forms  of  that  genus,  and  the  following, 
Among  others,  may  be  mentioned  as  examples :  Macrocheilus  Hebe  and 
M.  HamUUmoRf  Hall,  of  the  Devonian ;  and  if.  angyUferus^  White,  of 
the  Carboniferous.  My  present  belief  is  that  all  the  Devonian  forms  that 
have  been  referred  to  MacrocheUm  will  fall  into  this  group,  but  that  it 
will  properly  include  only  a  very  small  part  of  those  which  have  been 
referred  to  that  genus  from  Carboniferous  strata.     With  the  very  few 
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exceptions  referred  to,  I  think  all  the  numerous  North  American  Carbon- 
iferous forms  which  various  authors  have  referred  to  Macrocheilm  consti- 
tute a  distinct  natural  group  which  ought  to  be  designated  by  one,  and  a 
different,  generic  name.  I,  also,  think  the  form  for  which  Meek  and 
Worthen  proposed  the  generic  name  of  Soleniscus  ought  to  be  included  in 
this  group. 

The  shells  of  the  group  in  question  are  characterized  by  a  more  or  less^ 
thickened  inner  lip,  which  also  bears  one  more  or  less  distinct  revolving  fold. 
This  fold,  when  the  outer  lip  is  entire,  is  usually  visible  only  as  an  obtuse 
prominence  near  the  anterior  end  of  the  inner  lip ;  but  upon  breaking 
away  the  outer  lip  the  fold  is  usually  found  to  be  distinct,  and  often  sharp 
and  prominent.  Sometimes,  also',  there  is,  upon  the  posterior  side  of  the 
fold,  a  broad  concave  depression  which  ends  at,  and  deepens,  the  inward 
flexure  of  the  inner  lip,  the  posterior  border  of  which  depression  is  some- 
times so  well  defined  as  to  appear  like  a  second  revolving  fold.  This 
depression  is  excavated  out  of  the  callus  which  covers  the  columella  and 
inner  lip  quite  thickly,  in  such  cases,  between  the  depression  and  the  pos- 
terior angle  of  the  aperture.  Forward  of  the  fold  there  is  little,  and 
sometimes  no,  accumulation  of  callus,  the  anterior  end  of  the  outer  lip^ 
where  it  joins  the  inner  lip,  being  usually  thin  and  more  of  less  promi- 
nent when  entire.  There  is,  therefore,  in  unbroken  shells,  a  rather  broad, 
short,  more  or  less  distinct,  anterior  canal,  too  broad  and  short  to  really 
deserve  the  name  of  canal,  strongly  recaUing  the  corresponding  part  of 
Nasm,  The  anterior  border  of  this  short  canal,  however,  is  prominent, 
and  not  emarginate  as  in  Nassa. 

From  the  fact  that  the  columellar  fold  upon  these  Carboniferous  shells 
is  distinct  only  within  the  aperture,  and  that  the  latter  is  usually  filled 
with  the  imbedding  matrix,  this  distinguishing  feature  seems  to  have 
generally  escaped  the  notice  of  authors.  It  has  not  always  done  so,  how- 
ever, both  those  eminent  paleontologists.  Professors  HaM  *  and  Geinitz,t 
having  referred  to  it  in  published  descriptions.  Meek  and  Worthen  also 
observed  that  the  inner  lip  is  **  usually  provided  with  an  obtuse  revolving 
fold,"  but  none  of  these  authors  appear  to  have  regarded  that  feature  as 
separating  such  shells  genericaUy  from  those  which  are  destitute  of  it. 
Mr.  Conrad,  however,  so  early  as  1842,  proposed  the  generic  name  of 
Plectostylus  to  include  shells  possessing  this  character ;  but  that  name  was 
previously  used  by  Beck  for  an  entirely  different  group  of  moUusks. 
Mr.  8.  A.  Miller,  also,  in  his  Catalogue  of  American  Paleozoic  Fossils, 
refers  the  Macrocheilus  Haiti  of  Geinitz  to  Solermciis,  Meek  and  Worthen. 
In  1881,  I  described!  two  species  of  this  group  from  the  Carboniferous 
rocks  of  New  Mexico,  and  also  referred  them  to  Soleniseus. 

*  Geology  of  Iowa,  1858,  Part  II,  pages  719  and  720. 

t  Carbon  formation  and  Dyas,  in  Nebraska,  1866,  page  6. 

t  Expl.  and  Sar.  West  of  the  100th  Merid.    Supp.  to  rol.  Ill,  pp.  28  and  29,  pi.  IV,  figB. 
.  -      •  ^ 

Digitized  by  kjkjvjwi\^ 


REPORT   OF  STATE   GEOLOGIST.  151 

Notwithstanding  the  conscientious  accuracy  which  is  apparent  in  all 
the  work  of  those  authors,  I  suspected  that  the  anterior  portion  of  their 
type  species  is  not  so  prominent  as  it  is  represented  to  be  by  the  restored 
part  of  their  figures.  Applying  to  Mr.  Worthen  for' permission  to  exam- 
ine the  type  specimen,  I  learned  that  it  was  inaccessible,  but  he  sent  me, 
for  examination,  an  authentic  duplicate  example.  A  careful  examination 
of  this  specimen  satisfies  me  that  the  anterior  portion  of  the  shell  in  this 
species  is  really  only  a  little  more  prominent  than  it  is  in  several  of  those 
forms  which'  have  been  referred  to  Macroi^ieUua,  and  that  that  portion  is 
not  produced  into  a  proper  beak.  Meek  and  Worthen's  figures  show  that 
the  anterior  portion  of  their  type-specimen  was  broken  off;  and  if  the 
line  of  the  restored  part  had  been  continued  with  the  curve  of  the  outer 
lip,  or  the  longitudinal  convexity  of  the  volution,  it  would  agree  with  the 
lines  of  growth  which  are  observable  upon  the  specimens  sent  me  by  Mr. 
Worthen.  Moreover,  their  figure  shows  a  prominence  of  the  fold  upon 
the  inner  lip  which  did  not  appear  ^n  the  one  just  referred  to,  until  I  had 
dug  deeply  into  the  stony  material  which  had  filled  the  aperture.  Their 
figure  also  appears  to  represent  the  outer  lip  as  entire ;  but  to  exhibit  the 
columeUar  fold  so  prominently  as  it  appears  in  that  figure,  the  outer  lip 
must  have  beea  largely  removed.  So  removing  the  outer  lip,  and  not  its 
anterior  part,  would  leave  the  latter  having  somewhat  the  appearance  of 
a  beak. 

Understanding  the  real  characters  of  the  type  species  of  Soleniscus  to  be 
such  as  I  have  here  indicated,  it  is,  I  think,  necessary  to  regard  the  form 
to  which  they  applied  that  name  as  congeneric  with  the  greater  part,  if 
not  all,  the  forms  which  are  figured  with  it  on  plate  34,  and  with  most  of 
those  Carboniferous  shells  which  have  been  by  different  authors  referred 
to  MaerocheUm,  According  to  my  observations,  the  principal  differences 
which  that  species  presents  from  the  others  referred  to,  are  its  more  than 
usually  elongate  form,  a  little  greater  than  the  usual  prominence  of  the 
anterior  part  of  the  aperture,  and  a  smaller  accumulation  of  callus  upon 
the  inner  lip. 

These  forms,  as  before  remarked,  are  regarded  as  constituting  a  natural 
group  which,  it  appears  to  me,  well  deserve  a  generic  designation  distinct 
from  Macrocheilus,  If  it  were  not  that  Conrad's  name  Pkdostylus  was 
preoccupied  by  Beck,  that  name  could  be  appropriately  retained  for  this 
group,  to  which  it  was  really  applied.  Conrad's  name  not  being  avail- 
able, the  next  generic  name  that  has  been  used  for  any  member  of  the 
group  ought  to  be  used  for  the  whole  group.  As  Soleniscus  is  regarded 
38  a  member  of  this  group,  that  name  ought  to  be  used  for  it,  because  no 
other  available  name  has  priority  over  it. 

The  following  species,  which  have  hitherto  been  referred  to  MacrocheiltiSf 
have  been  found  to  possess  the  prominent  columellar  fold  and  other  char- 
acteristics of  the  group  here  discussed,  and  I  would,  therefore,  refer  them 
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all  to  Soleniscus;  MacrockeHus  fusiformis,  Hall,  M.  Neviferryi,  Hall,  1/1 
planus^  White,  M.  ventricosus,  Hall,  Soleniscus  brevis,  White,  M.  Tex- 
anus,  Bhumard?,  M.  paltulijuj^ormis,  Hall,  and  M.  Halli,  Geinitz.  All 
except  the  last  are  figured  on  plate  34. 

It  is  not  to  be  denied  that  there  are  certain  forms  among  those  Carbon* 
iferous  species,  which  have  usually  been  referred  to  Mcusrodwilus,  that  pos- 
sess, at  best,  only  an  obtuse  fold  upon  the  columella.  They  are,  however, 
much  more  closely  related,  by  all  their  characteristics,  to  the  species  just 
referred  to  Solenincm,  than  are  those  Devonian  and  other  species  which  I 
have  refered  to  MojcrocheU/m  proper.  Among  these  species  are  the  three 
following,  which  are  represented,  with  the  others,  on  plate  34:  Macro- 
cheilus  ponderosuSy  Swallow  ? ,  M.  medidiSf  Meek  and  Worthen,  and  3f. 
primigenivi,  Conrad.  These,  I  regard  as,  at  most,  no  more  than  subgen- 
erically  different  from  those  which  I  have  referred  to  Soleniscus. 


Genus  Soleniscus,  Meek  and  Worthen, 

Soleniscus  typicus.  Meek  and  Worthen. 

Plate  34,  figs.  18  and  19. 
SoLKNiscuB  TTPicus,  M.  and  W.,  I860.    111.  Geol.  Rep.,  II,  p.  3S4,  pi.  31,  figif.  15  a  and  15  b. 

Shell  fusiform ;  spire  produced,  conical,  acute  at  the  apex;  volutions, 
seven  or  more,  gently  convex,  the  last  one  constituting  at  least  three- 
quarters  of  the  full  length  of  the  shell,  moderately  ventricose  about  the 
middle  and  tapering  a  little  toward  the  front;  aperture  comparatively 
narrow,  acute  posteriorly,  narrowed  at  the  front,  outer  lip  thiu  and  sharp; 
suture  slightly  impressed ;  fold  of  the  columella  nearer  to  the  front  end 
of  the  aperture  than  to  the  posterior  end,  inconspicuous  when  the  outer 
lip  is  entire,  but  prominent  within  the  aperture ;  surface  plain,  showing 
only  the  usual  fine  lines  of  growth. 

Length,  about  18  mm.;  diameter  of  the  last  volution*,  9  mm.;  apical 
angle,  the  sides  being  slightly  concave,  about  40^. 

This  appears  to  be  a  rather  rare  species,  and  has  hitherto  been  found 
only  in  the  Upper  Coal  Measure  rocks,  in  the  vicinity  of  Springfield,  Illi- 
nois ;  but  it  is  likely  to  be  found  in  the  corresponding  rocks  in  Indiana. 

This  species  was  made  the  type  of  the  genus  Soleniscus,  by  Meek  and 
Worthen,  but,  as  I  have  already  shown,  a  large  proportion  of  the  shells 
that  have  been  referred  to  the  genus  Macrocheilvs  possess  essentially  the 
same  generic  characters. 
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SoLENiscus  (Macrocheilus)  Newberryi,  Stevens, 

PUUeS4,fig8.7  andS. 

LoxoNiMA  Nkwbkbbti,  Steveiu,  1858.    Am.  Jour.  Sci.  (2)  XXV,  p  258. 

Macroohcilus  Nkwbibrti,  Hattt  1858.    Geology  of  Iowa,  Part  2,  pi.  719,  p.  XXIX,  fig.  9. 

Shell  fusiform ;  spire  produceci ;  its  sides  convex,  apex  acute ;  volutions 
seven  or  more,  the  last  one  moderately  ventricose  and  constituting  more 
than  half  the  full  length  of  the  shell ;  those  of  the  spire  moderately  con- 
vex ;  suture  distinct,  but  not  very  deeply  impressed ;  aperture  compara- 
tively narrow ;  outer  lip  thin,  but  the  remainder  of  the  test  comparatively 
thick ;  inner  lip  thickened  by  callus ;  coUumella  appearing  flexuous,  and 
with  an  obtuse  fold  anteriorly,  when  the  outer  lip  is  entire,  but  when  the 
latter  is  much  broken  away  that  fold  is  found  to  be  angular  and  promi- 
nent, with  a  deep,  broad,  concave  groove  behind  it;  the  posterior  side  of 
that  groove  being  abruptly  rounded  has  much  the  appearance  of  a  second 
revolving  fold ;  in  front  of  the  fold,  and  between  it  and  the  front  border 
of  the  aperture,  there  is  a  narrow  concave  space  or  a  short  broad  canal ; 
surface  marked  by  the  ordinary  fine  lines  of  growth,  but  it  has,  in  well 
preserved  examples,  an  almost  polished  aspect. 

Length,  26  mm.;  breadth  of  the  last  volution,  12  mm. 

Loeality,  Danville,  Illinois;  but  it  may  be  looked  for  at  the  horizons 
of  coals  M.  and  N. ,  in  Indiana. 


SOLENISCUS  PLANUS,   WhUe, 

PtcUe  Si,  figs.  9  and  10. 

S0LBNI8CU8  PLANUS,  White,  1881.    Expl.  and  Sur.  west  of  the  100th  Merid.,  Sup.  to  Vol.  Ill, 

p.XXIX,  pi.  IV,fig.4. 

Shell  subfusiform ;  spire  nearly  one-half  the  full  length  of-  the  shell ; 
its^  side  gently  convex ;  apex  acute ;  volutions  eight  or  more ;  those  of  the 
flpire  gently  convex ;  the  last  one  large,  but  not  much  ventricose ;  suture 
distinct  but  not  deep ;  test  moderately  thick ;  fold  of  the  columella  well 
■developed  and  placed  a  little  forward  of  the  mid-length  of  the  aperture  s 
the  spiral  groove  behind  it  broad,  concave,  and  well  defined ;  the  callus 
of  the  inner  lip  thick,  especially  behind  the  groove ;  outer  lip  thin,  its 
margin  sharp ;  surface  marked  only  by  the  usual  lines  of  growth. 

Length,  27  mm.;  greatest  diameter,  9  mm. 

This  form  was  described  by  me  from  the  Carboniferous  rocks  of  New 
Mexico  (loc.  dt.).  I  am  now  inclined  to  regard  it  as  identical  with  the 
MoiCTodxeUvs  Netvberryi  of  Hall,  but  still  it  presents  such  variations  that, 
for  the  present,  I  retain  it  under  the  name  I  have  applied.  At  the  time 
I  described  it,  I  was  not  aware  that  the  M.  Newberryi  possessed  the  dfs- 
tinct  columellar  fold  that  I  have  now  shown  it  to  possess,  as  well^  as  8. 
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planm.  Considering  the  evident  wide  specific  variation  of  these  forms,  it 
seems  not  improbable  that,  with  full  collections  in  hand,  it  will  be  difficult 
to  clearly  define  the  specific  boundaries  between  S,  Newbenyi,  /8.  plarmSy 
and  S.fusifoxmis;  all  three  of  which  are  here  separately  described. 

Locality,  The  form  figured  on  plate  34  was  obtained  from  near  Dan- 
ville, Illinois ;  but  it  may  be  sought  for  in  Indiana  at  the  horizons  of  the 
roof  of  coals  M.  and  N. ,  and  in  the  Upper  Coal  Measures. 

SOLENISCUS  (MaCROCHEILUS)  FUSIFORMI8,  HcdL 

Plate  34,  figs,  4,  5  and  6. 
Macrochrilus  fusiformis,  Hallf  1858.    Qeology  of  Iowa,  part  11,  P.  718,  pi.  XXIX,  fig.  7. 

Shell  elongate-subfusiform ;  spire  more  than  half  the  full  length  of  the 
shell ;  its  sides  nearly  straight  or.  slightly  convex ;  volutions  about  ten  in 
number,  those  of  the  spire  gently  convex,  the  last  one  large  and  mod- 
erately  ventricose ;  suture  shallow ;  test  moderately  thick,  but  the  outer 
lip  is  thin  and  sharp  when  entire ;  inner,  lip  covered  with  a  strong  callus ; 
columellar  fold  distinct  within  the  aperture,  its  outer  portion  obtuse ; 
groove  behind  the  fold  broad  and  deeply  concave,  with  its  posterior  mar. 
gin  obtuse,  but  distinctly  defined ;  surfiice  marked  only  by  the  ordinary 
lines  of  growth. 

Length,  about  40  mm. ;  diameter  of  the  last  volution,  15  mm. 

The  specimens  here  described  differ  somewhat  from  the  description  and 
figure  given  by  Prof.  Hall,  but  the  differences  are  assumed  to  be  of  a  va- 
rietal character  only.  As  already  remarked,  however,  this  form  is  closely 
similar  to  the  two  forms  herein  just  described.  ^ 

Locality.  Prof.  Hall's  type  specimen  is  from  the  Coal  Measures  of  Iowa. 
The  forms  here  described  are  from  Dlinois.  The  species  may  be  sought 
for  in  the 'Upper  Coal  Measures  of  Indiana. 

SOLENISCUS   (MaCROCHEILUS)  PALUDINiEFORMIS,  Hall. 

Plate  34,  fy.  17. 
Macrochrilus  paludin.£formis,  Hall^  1858.    Geol.  Iowa,  part  II,  p.  719,  pi.  XXIX,  fig.  10. 

Shell  short  subfusiform  ;  spire  prominent,  but  it  constitutes  somewhat 
less  than  half  the  full  length  of  the  shell ;  its  sides  gently  concave ;  it» 
apex  small,  acute ;  volutions  eight  or  more  in  number,  those  of  the  spire 
gently  convex,  the  last  one  ventricose ;  suture  slightly  impressed ;  test 
comparatively  thin  for  a  shell  of  this  group,  but  there  is  a  thick  accumu- 
lation of  callus  upon  the  inner  lip ;  columellar  fold  distinct ;  the  groove 
behind  it  broad,  concave  and  deep,  as  seen  after  a  portion  of  the  last  vo- 
lution is  removed ;  surface  marked  by  the  ordinary  lines  of  growth. 

^-^^orth,  about  26  mm. ;  diameter,  15  mm.  D^g^i^zea  by  k^kjOqI^ 


REPORT  OP  STATE  GEOLOGIST.  155 

I  have  no  doubt  that  the  specimen  upon  which  the  foregoing  description 
IB  based  is  specifically  identical  with  the  MaeroeheiluB  pahtdincrformis  of 
Hall.  It  is  possible,  also,  as  Prof.  Hall  remarks,  that  it  was  upon  a  cast 
of  this  species  that  Conrad  proposed  the  genus  PledogtyhtSf  but  his  speci- 
men being  only  a  cast  of  the  interior,  its  specific  identity  can  not  be  fully 
^known. 

Locality.  The  specimen  here  described  is  from  the  Coal  Measures  of 
Vermillion  county,  Indiana.  The  species  is  also  known  to  exist  in  the 
corresponding  strata  of  Illinois  and  Iowa. 

80LENI8CU8  (Macrocheilus)  VENTRICO8U8,  Hcdl, 

Plate  34,  figs.  11  and  12. 

Macbochkilus  tentricosus,  HaU,  1858.    Geology  of  lows,  part  II,  p.  718,  pi.  XXIX,  fig.  8. 
60LXKISCU8  BSRYI8,  White,  1881.     Expl.  and  Snr.  West  of  100th  Mend.,  Snpp.  to  Vol.  Ill, 
p.  28,  fig.  5. 

Shell  subglobose ;  spire  very  short,  apex  small  and  prominent ;  volu- 
tions about  eight  in  number,  those  of  the  spire  moderately  convex,  the 
last  one  ventricose ;  test  moderately  thick ;  suture  distinct,  but  not  deep ; 
fold  of  the  columella  prominent,  especially  within  the  aperture,  situated  a 
little  in  advance  of  the  mid-length  of  the  aperture;  a  distinct,  rather 
broad,  deep  concavity  or  revolving  furrow  at  the  distal  side  of  the  fold; 
callus  of  the  inner  lip  moderately  thick  and  broad ;  surface  marked  only 
by  the  usual  lines  of  growth. 

Length  17  mm.;  diameter  of  the  last  volution,  11  mm. 

This  is  a  widely  distributed  species,  and  a  somewhat  variable  one, 
-especially  in  the  prominence  of  the  spire ;  but  its  small  size  and  globose 
form  render  its  identification  an  easy  matter.  I  failed  in  identifying  it 
with  the  New  Mexican  form  (loc.  cit,),  because  I  did  not  then  know  that 
the  authentic  forms  possessed  the  distinct  columella  fold  that  they  are 
now  known  to  have. 

Locality.  Specimens  of  this  speciea  have  been  found  in  Illinois,  Iowa, 
and  New  Mexico.  They  may  be  sought  for,  in  Indiana,  at  the  horizon 
of  coal  M.  and  in  the  Upper  Coal  Measures. 

SoLENiscus  (Macrocheilus)  Tex  anus,, iS^wmar(f(f) 

PlcUe  34,  figs.  13  and  14. 
Macsocheilub  Tkxanus,  Shumardt  1859.    Trans.  St.  LoaiF  Acad.  Sci.,  Vol.  I,  p.  402. 

The  form  figured  on  plate  34,  is  doubtfully  indentified  with  the  Macro- 
<heilu8  Texanus  of  Shumard.  I  am  not  satisfied  that  this  is  not  a  large 
variety  of  S.  (If.)  ventricosuSy  but  for  the  present  I  prefer  to  regard  it  as 
distinct.  It  is  somewhat  more  globose  than  8.  (M.)  veniricoms,  and  the 
Bpire  is  proportionally  less  prominent  than  it  usually  is  in  that  species. 
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Shumard's  type  was  found  in  Texas,  and  the  specimen  here  figured  wa  s 
obtained  from  the  Coal  Measure  strata  at  Danville,  Illinois.  It  is  likely 
to  be  found  in  the  Upper  Coal  Measures  of  Indiana. 


SoLENiscus?  (Macrocheilus)  medialis,  Meek  and  Worthen, 

Plate  34,  figs.  15  and  16. 

Macboohbilus  mbdulis,  M.  and  W^  1866.    Illinois  Geol.  Reports,  II,  p.  370i»  pi.  31,  fig.  5  a- 

and  5  b. 

Shell  subovate;  spire  depressed-conical,  its  sides  a  little  convex,  but 
the  apex  is  small  and  acute  when  entire ;  volutions  six  or  more  in  num- 
ber, those  of  the  spire  convex,  increasing  rapidly  in  size,  the  last  one 
large,  moderately  veutricose;  suture  distinct,  but  not  deep;  outer  lip 
thin  and  sharp  at  the  margin,  when  unbroken;  inner  lip  covered  with 
callus,  and  having  a  moderately  deep  sinus  at  the  middle,  forward  of 
which  there  is  a  tendency  to  form  an  obtuse  fold ;  but  it  is  not  yet  known 
to  be  continuous  within  the  aperture  with  a  sharp  fold,  such  as  all  the  spe- 
cies possess  which  have  just  been  herein  described ;  Burhce  plain. 

Length,  22  mm.;  diameter  of  the  last  volution,  17  mm. 

Locality.  Meek  and  Worthen's  examples  were  obtained  from  near 
Springfield,  Illinois.  The  example  figured  on  plate  34,  is  from  Vermillion 
county ,  Indiana. 


SoLENiecus?  (Macrocheilus)  ponderosus,  Swallow f 

PlaU  34,  figs,  1  and  2. 
Macrocheilus  pondbbosus, -'S^t^aZ^u',  1858.   Trans.  St.  Louis  Acad.  Sci.,  I,  p.  202. 

The  example  figured  on  plate  34  is  from  the  Upper  Coal  Measures  of 
Iowa,  and  is  given  here  for  comparison,  in  connection  with  the  discussion 
of  the  shells  just  described.  It  has  not  yet  been  found  in  Indiana,  but 
there  is  no  apparent  reason  why  it  may  not  be  found  in  the  rocks  of  this 
State. 

This  shell,  like  the  last  described,  is  not  known  to  possess  a  sharply 
raised  fold  within  th^  aperture,  but  it  has  the  deeply  sinuous  inner  lip, 
and  a  broad  obtuse  thickening  of  the  columella  below  it;  in  short,  it  has 
all  the  general  characteristics  of  the  more  globose  of  the  forms  that  have 
been  referred  to  Macrodieilmy  except,  perhaps,  a  sharply  raised  columellar 
fold. 
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SoLEHisc^jB?  (Macbocheilub)  FRiMiGENins,  Cmrod, 

Plate  34,  fig.  3. 

STYursB  PRiuiGVKiA,  Conradt  1835.    Trans.  Oeol.  Soo.  Penn.,  I*  P*  267,  pi.  12,  fig.  2. 
Macbooheilus  im  HABIL18  ( Morton )  Ifcnccod  and  Protton,  1855.  Joar.  Acad.  Nat.  Sci.  Philad. 

III.,  p.  76,  pi.  9v  fi?.  9a  and  b. 
Macbocheilus  pbimigikics,  Bmltt  1858.    Geolety  of  Iowa  Part  U,  p.  720,  pi.  29,  fig.  11. 

This  shell  is  a  somewhat  common  one  in  the  Coal  Measure  rocks  of 
Ohio,  Indiana,  Illinois,  and  Iowa.  In  form  it  resembles  the  M.  pondero- 
8U8  of  Swallow,  as  it  has  just  been  identified,  but  it  is  regarded  as  specific- 
ally distinct.  It  difiTers  still  more  widely  from  the  Soltniscus  type  than 
either  of  the  two  forms  that  have  just  been  noticed  under  the  respective 
specific  names  medialis  and  ponderosvs.  There  seems  to  be  nothing  upon 
the  columella  that  is  suggestiye  of  a  fold,  although  just  behind  the  place 
at  which  such  a  fold  should  appear  there  is  a  distinct  concavity  which 
passes  around  the  columella  within  the  aperture.  The  test  is  thick,  and 
there  is  a  con^erable  accumulation  of  callus  upon  the  inner  lip,  and  the 
general  characteri  sties  of  the  shell  are  like  those  of  the  species  that  have 
already  been  noticed. 

Genns  Belxjbbofhon,  Montfort. 

BELLEROPHOif  GRABSUS,  Meek  and  Worthen. 

Plate  33,  figt,  land  2. 
Bkllrbopbon  CBA8SU8,  Jf.  and  W.,  1866.   Illinois  Geol.  Sarrey,  II,  p.  885,  pi.  31,  fig.  16. 

8hell  large,  massive,  snbglobose;  volutions  gradually  expanding  later- 
ally, broadly  ro  unded  upon  the  back,  more  abruptly  rounded  at  the  sides 
and  into  the  umbilici,  which  are  rather  small ;  outline  of  aperture  reni- 
form,  the  transverse  diameter  being  the  greater;  postero-lateral  portions 
of  the  lip  thickened  and  spread  outward  and  backward  over  the  inner 
volutions,  and  also  partly  over  the  umbilici ;  antero-lateral  portions  of  the 
lip  thinner  than  the  others,  their  margins  slightly  convex  on  each  side  of 
the  mesial  notch;  menal  band  narrow;  mesial  notch  distinct,  but  not 
deep;  surface  marked  by  distinct  lines  of  growth,  a  part  of  which  assume 
the  character  of  somewhat  irregular  transverse  wrinkles. 

Diameter  in  the  plane  of  the  coil,  68  mm.;  transverse  diameter  of  the 
aperture,  50  mm. 

Locality,  This  species  is  known  to  exist  in  both  the  Lower  and  Upper 
Goal  Measures,  and  to  range  from  Indiana  to  Nevada.  It  has  been  found 
in  Sullivan  and  Posey  counties,  Indiana;  but,  there,  only  in  the  Upper 
Coal  Measures. 
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Bellerophox  percarinatus,    Conrad, 

Plate  33,  fig8.  9, 10,  11,  12,  13  and  14. 

BiLLREOPHox  PRRCABiNATUS,  Conrotm  1842.  Jour.  Acad.  NaJ.  Sci.  Phil.,  VIII.  pi.  XVI,  fig.  5. 
Bbllbrophon  pbroarinatus,  Sarvfood<t  Pratten^  1854.    Jour.  Aoad.  Nat.  Sci.  Phil..  Ill,  (U. 
S.).  p.  74,  pi.  IX,  fig.  4. 

Shell. subglobose;  laterally  expanded  at  the  front;  umbilici  closed; 
outer  lip  thin  at  the  front,  thickened  by  callus  at  the  sides ;  inner  lip 
thickened  by  callus,  which  is  sometimes  in  the  form  of  a  broad,  promi- 
nent lobe,  sometimes  trilobed,  and  sometimes  presenting  only  one  narrow 
lobe,  and  that  at  the  median  line ;  the  last  volution  is  always  marked  by 
one  strong,  rugose  or  nodose  median  carina,  which  extends  from  the  inner 
lip  to  the  front  margin ;  in  most  cases  there  is  a  more  or  less  distinct  re- 
volving ridge  at  each  side  of  the  median  carina,  and  of  equal  extent  with 
it ;  the  whole  surface  is  also  marked  by  strong  transverse  wrinkles  and 
lines  of  growth,  but  sometimes  the  lateral  ridges  are  wanting. 

Length,  24  mm.;  breadth,  the  same. 

This  is  one  of  the  more  common  of  the  shells  of  the  Coal  Measure 
rocks. 

Locality,  It  has  been  discovered  from  coal  M.  throughout  the  Upper 
Coal  Measures. 

Bellerophon  carbonarius,   Cox, 

Plate  3S,fig8,6y7  and8: 
Brllkrophon  carbonarius.  Cox,  1857.    Geol.  Sur.  Kentucky,  III,  p.  562. 

Shell  subglobose ;  dorsal  side  broadly  rounded ;  umbilici  very  small, 
shallow ;  aperture  arcuate,  much  wider  transversely  than  in  the  plane  of 
the  coil ;  its  border  not  expanding  more  rapidly  than  the  uniform  rate  of 
increase  in  the  size  of  the  volutions ;  inner  lip  not  developed  as  such,  the 
accumulation  of  callus  there  being  often  imperceptible;  outer  lip  thin 
along  the  median  portion  but  thickened  a  little  and  having  a  rounded 
edge  toward  the  umbilici ;  median  sinus  not  deep,  rounded  ,at  bottom ; 
median  band  obscure  upon  the  costate  portion  of  the  shell,  but  moderate- 
ly distinct  upon  the  outer,  plain  portion,  where  it  is  bounded  upon  either 
side  by  a  more  or  less  distinct  raised  line ;  the  outer  third,  or  more,  of  the 
last  volution  is  plain,  but  the  remainder  is  marked  by  from  twenty  to 
twenty-eight  simple,  dbtinct,  narrow,  revolving,  raised  ridges  or  costae; 
the  two  or  three  nearest  the  umbilici  are,  near  the  plain  portion,  some- 
times broken  up  into  small,  irregular  nodes. 

Diameter  of  the  coil  and  transverse  diameter  nearly  equal,  each  being 
about  17  mm.  in  the  type  specimen  of  Cox,  which  is  figured  on  plate  33. 

Formerly,  authors  generally  referred  this  shell  to  the  B,  Urii  of  Flem- 
ing, and  it  is  even  now  doubtfrd  if  we  are  justified  in  separating  it  fully 
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from  that  species.  There  are,  in  different  parts  of  the  wide  range  which 
this  species  has,  several  noticeable  varieties,  the  differences  being  as  to  size 
and  character  of  surface  markings.  One  of  these  varieties,  found  in 
the  Rocky  Mountain  region,  I  have  thought  of  sufficient  importance  for 
separate  specific  designation  as  B,  suhpapilloms.  The  typical  forms,  how- 
ever, have  a  range  from  West  Virginia  to  Nebraska. 

Locality,  This  species  may  be  sought  for  throughout  the  Coal  Meas- 
ures of  Indie  na. 

Bellerophon  nodocarinatus.  Hall, 

Plate  33,  figs,  3,  4  and  5. 

Bbllkrophon  nodocarinatus,  HaUylSbS.    Geology  of  Iowa,  part  II,  p.  723,  pi.  XXIX,  fig. 

15,  a,  b,  c. 

Shell  subglobose;  somewhat  expanded  at  th^  sides;  umbilici  closed; 
the  smaller  part  of  the  last  volution  somewhat  regularly  rounded  trans- 
versely, but  upon  the  outer  half  of  it  there  is  a  broad  subnodose  ipedian 
carina,  with  a  narrow,,  shallow  furrow  along  its  middle,  and  upon  each 
side  of  the  carina  there  is  a  broad,  shallow  depression ;  the  inner  half  of 
the  outer  volution  is  marked  by  coarse,  revolving,  raised  lines ;  outer  lip 
thin ;  little  or  no  callus  upon  the  inner  lip,  sides  of  the  aperture  near  the 
umbilici  having  thickened  and  rounded  edges. 

Diameter  in  the  plane  of  the  coil,  40  mm. ;  greatest  transverse  diam- 
eter, 37  mm. 

This  form  is  referred  with  doubt  to  the  B.  nodocarinatus  of  Hall,  but  it 
seems  to  present  some  important  differences.  It  is  also  closely  related  to 
the  form  which  I  described  from  New  Mexico  under  the  name  of  B,  inspe- 
cU>8U8.  The  latter  shell  is  more  expanded  at  the  outer,  and  narrower  at 
the  inner,  part  of  the  last  volution  than  the  form  here  described ;  the  ca- 
rina is  also  not  so  well  defined,  nor  is  it  nodose.  It  is  probable,  however, 
that  both  B.  inspeeUmts  and  the  form  here  described  will  prove  to  be  only 
varieties  of  B,  nodocarinahts, 

LoealUy,    The  form  here  described  is  from  New  Harmony,  Indiana. 

Genus  Platyceras,  Qmrad. 

Platyceras  Nebrascense,  Meek, 

PUde  32,  figs,  15  and  16. 
Platycbras  Nrbrascbmsis,  Meek^  1872.    U.  S.  Geol.  Snr.  Nebraska,  p.  227,  pi.  IV,  fig.  15,  a,  b. 

Shell  small,  elongate-conical,  more  or  less  curved,  or  sometimes  sub- 
spiral;  apex  free,  bluntly  pointed,  more  or  less  curved  towards  the  body 
of  the  shell  and  turned  toward  its  dextral  side;  aperture  irregularly 
oval;  its  margin  thin,  broadly  sinuous  behind  and  to  the  left  of  the  apex  iC 
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the  remainder  of  the  border  usnallj  haTi&g  several  other  more  or  less 
distinct  sinuosities;  surfiuse  marked  hj  more  or  less  distinct  lines  of 
growth,  which  ure  parallel  with  the  cnmiosidee  of  the  border. 

Length,  20  mm. ;  breadth  of  aperture,  12  mm. 

This  species  was  originally  described  firom  the  Upper  Coal  Measures  of 
Nebraska,  but  it  has  been  found  to  range  from  Indiana  to  New  Mexico. 

Locality.  It  has  been  found  at  the  foilowiag  Indiana  localities:  Eugene, 
Edwardsport,  and  New  Harmony. 


Genus  Pleurotomaria,  Deframce. 

Pleurotomabia  tubbikiformib.  Meek  cmd  Worthen. 

PlateS2,fiff8.7^mdS. 

Plburotomabia  TURBimroBins,  Mtek  and  W»itfcca,18fiC    nitBoie  Qeol.  Reportft,  II,  p.  359, 

pl.XXVIU,fi«.8,m^c. 

Shell  subpyramidal ;  spire  moderately  elevated ;  volutions  five  or  more 
in  number,  flattened  at  the  outer  side,  so  as  to  produce  nearly  straight 
sides  to  the  spire,  the  last  volution  prominently  angular  at  the  periphery, 
and  broadly  convex  below ;  umbilicus  small  and  bordered  by  an  obscure 
ridge ;  spiral  band  situated  at  the  peripheral  angle  of  the  volutions,  very 
narrow,  and  bordered  by  slender  elevated  lines;  surface  of  each  volution 
marked  by  about  twenty  obscure,  doee-eet,  revolving  striae,  which  are 
crossed  by  stronger  and  more  regular  obliquely  transverse  lines;  these 
lin^  curve  backward  near  the  spiral  band. 

Length  and  breadth,  each,  about  25  mm. 

Locality,  Upper  Coal  Measures,  at  Lasalle  and  Paris,  Illinois,  and  in 
Vigo  county,  Indiana. 

PLEUROTOlf  ARIA  TABULATA,  HoU, 

PkUeS2,fy8,Aand  5. 
Plkubotomabia  tabulata,  Hall.    Oeolocjr  of  Uwa,  PbtI  II,  p.  721,  pi.  XXIX.  figs.  12,  a,  b. 

Shell  imusually  elongate  for  a  species  of  this  genus;  volutions  eight  or 
more  in  number,  prominently  angular^  the  angle  situated  at  about  the 
middle  of  the  volution,  and  bearing  «  finely  nodulated  carina;  umbilicus 
closed  ;  columellar  lip  a  little  thickened ;  suture  distinct ;  surface  marked 
by  numerous  revolving  raised  lines  which  are  a  little  coarser  upon  the 
anterior  side  of  the  last  volution  than  elsewhere;  these  are  crossed  by  lines 
of  growth,  which  give  the  revolving  strise  a  more  or  less  crenulated  ap- 
pearance ;  the  strise  of  growth  bend  abruptly  backward  to  meet  the  pe- 
ripheral angle,  showing  that  the  outer  lip  was  notched  at  that  point. 

Length,  52  mm.;  breadth  of  the  last  volution^  44  mnu 
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This  species  is  known  to  exist  in  the  Coal  Measure  strata  from  Indiana 
to  Iowa.  It  was  described  and  figured  in  the  Indiana  report  for  1880, 
but  it  is  reproduced  here  to  bring  all  the  Goal  Measure  shells  together. 

Locality,  Upper  Coal  Measure  strata,  Rush  Creek,  Posey  county; 
Wagon-defeat  Creek,  Sullivan  county,  and  Warrick  county,  Indiana. 


Pleurotomaria   sPBLffaiULATA,  Conrod, 

PlaU  32,  figs.  1,  2  and  3. 

Plkutouaria  sph^rulata,  Conradf  1S42.    Joar.  Acad.  Nat.  Soi.  Philad.,  VIII,  p.  272, 

pi.  XVI,  fig.  13. 

Shell  depressed,  subturbinate ;  spire  moderately  extended,  its  sides 
straight  or  gently  convex ;  apical  portion  truncated ;  volutions  five  or 
six  in  number,  their  outer  surface  flat,  and  bearing  a  tuberculated  ridge 
at  the  distal  border,  adjacent  to  the  suture ;  the  last  volution  large,  nar- 
rowly rounded  or  subangular  at  the  periphery ;  its  anterior  side  broadly 
convex ;  umbilicus  closed ;  spiral  band  situated  at  the  periphery,  narrow 
and  indistinct ;  surface  marked  by  lines  of  growth  which,  on  both  sides 
of  the  spiral  band,  bend  back  to  meet  it,  showing  that  the  outer  lip  had 
there  a  broad  and  deep  notch. 

•  Length  of  a  large  example,  22  mm.;  breadth  of  the  last  volution,  29 
mm. 

This  is  a  somewhat  variable  shell,  and  also  a  widely  distributed  one.  It 
has  been  found  at  various  localities  in  the  Carboniferous  rocks,  from 
Pennsylvania  to  Utah. 

Locality,     Horizon  of  coal  K. ,  and  throughout  Upper  Coal  Measures. 


Genus  Euomphalub,  Sotoerby. 

EUOMPHALUS  RUGOSUS,  HoU. 

Ptate  S2,  figs,  n  and  }Z 

EuOMPHALUS  SUGOSUS,  Hallf  1S58.    Qoology  of  Iowa,  Part  II,  p.  722,  pi.  XXIX,  fig.  14. 

Shell  small,  discoid ;  upper  side  concave ;  lower  side  flat  or  gently  con- 
cave ;  volutions  four  or  more  in  number,  in  contact  but  not  embracing, 
the  whole  breadth  of  each  being  exposed  both  at  the  upper  and  under 
sides  of  the  shell;  obliquely  flattened  at  the  periphery,  and  bearing  a 
narrow  prominent  ridge  at  the  angle  formed  by  the  outer  and  upper  sides ; 
and  another  similar  ridge  at  the  junction  of  the  outer  and  under  sides, 
the  latter  being  directed  outward,  and  the  former  upward ;  aperture  sub- 
circular,  and  not  conforming  in  outline  to  the  two  angles  mentioned ; 
surface  marked  by  strong  lines  and  wrinkles  of  growth,  which  give  a 
11— Geol.  ^^-^  T 
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rough  appearance  to  the  shell,  and  espeeiallj  to  the  two  ridges  as  thej 
cross  them. 

Diameter  of  the  coil  from  12  to  20  mm. 

This,  a  very  widely  distributed  and  characteristic  species  of  the  Coal 
Measure  strata,  may  be  found  from  the  lowest  to  the  highest  coals,  cul- 
minating in  the  Upper  Coal  Measures. 


Oenus  Naticopsis,  McCoy, 

Naticofsib  nana,  Meek  and  Worthen, 

Plait  Z6,figi.Qand  7. 
Naticofsib  maha,  M.  and  W.,  1866.    Illinois  Gool.  Reports,  11,  p.  3(6,  pi.  XXXI,  fig.  4. 

Shell  small,  subglobose,  wider  than  high ;  spire  much  depressed ;  volu- 
tions about  three  in  number,  the  last  one  large,  and  somewhat  ventricose ; 
suture >ell  defined;  aperture  broadly  subovate,  somewhat  straightened  at 
the  inner  side,  its  length  nearly  equal  to  seven-eighths  of  the  full  axial 
length  of  the  shell ;  outer  lip  thin ;  inner  lip  moderately  thickened ;  sur- 
face marked  by  fine  lines  of  growth,  wliich  are  a  little  stronger  and  more 
uniform  on  the  dbtal  side  of  the  volutions,  near  the  suture,  than  else- 
where. 0 

Length,  5  mm.;  breadth,  4^  mm. 

This  little  species  is  known  in  the  Carboniferous  strata  from  Indiana  to 
Nevada. 

Locality,     In  Upper  and  Middle  Coal  Measures. 

Naticopsis  Wheblbbi,  SwaUow, 

Plate  Z2,  Jigs,' IS  and  U. 

LiTTOBiNA  Whkxlku,  Swothw,  1860.   TraMU  8t.  Lovis  Acad.  Soin  I,  p.  658. 
Naticopsis  Wbrblbbi,  Jfedb  amd  Wortkem,  1873.    IlllBois  Oeol.  Reports,  V,  p. 593. 

Shell  rather  small,  obliquely  subrhomboidal  in  outline  when  laterally 
viewed ;  volutions  four  or  more,  the  last  one  moderately  gibbous  and  com- 
posing more  than  two-thirds  the  entire  length  of  the  shell;  aperture 
subovate;  test  moderately  thick;  surface  covered  thickly  with  small, 
prominent  tubercles,  which,  on  the  small  volutions  of  the  spire,  are  minute, 
but  they  increase  in  size  with  the  growth  of  the  shell ;  outer  lip  moderately 
thin ;  inner  lip  somewhat  thickened  with  callus. 

Length  of  a  large  example,  16  mm.;  breadth  of  the  last  vdution,  14  mm. 

This  species  is  a  well  marked  one ;  and  it  has  also  a  wide  geographical 
distribution.  It  is  known  in  the  Coal  Measure  strata  from  Indiana  to  New 
Mexico. 

TMcality,     Swallow's  type    specimens    were    obtained    from  the  Coal 
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Measure  strata  of  Missouri,  and  Meek  and  Worthen  described  and  figured 
it  from  Illinois.  It  may  be  found  in  Upper  Coal  Measures  of  the  west- 
ern part  of  Vigo  county. 

Genus  PoLYPHiaiopsis,  Parilock. 

PoLYPHEMOPSis  PERACUTA,  Meek  and  Worthen, 

Pt<UeS2,fig8.9and\0, 
P0LTPBBMOP8I8  PBSACUTA,  M,  and  W.    Illinois  Geol. Reports,  II,  p.  375,  pi. XXXI,  flg.  7,  a,  b. 

Shell  slender;  spire  long,  attenuated,  its  sides  gently  concave;  apex 
small  and  acute ;  volutions,  twelve  or  more  in  number,  flattened  or  very 
slightly  convex  at  the  outer  side,  the  last  one  large  and  constituting  about 
one-half  the  entire  length  of  the  shell,  extended  and  somewhat  contracted 
anteriorly;  suture  slightly  impressed,  but  distinct;  aperture  narrowly 
subovate  in  outline;  sharply  angular  behind,  and  somewhat  effus^  anter^; 
orly ;  outer  lip  thin ;  inner  lip  flexed  and  a  little  thickened ;  surface  plain, 
but,  under  a  lens,  fine  lines  of  growth  are  seen. 

Length,  45  mm.;  breadth  of  the  last  volution,  13  mm. 

This  species  is  not  a  very  common  one.  It  is  regarded  as  characteristic 
of  the  Upper  Coal  Measures. 

Locality.  The  -species  was  was  originally  published  from  the  Upper 
Coal  Measures  of  Illinois.  It  may  be  reasonably  sought  for  at  the  follow- 
ing Indiana  localities :  Horizons  of  coals  M.  and  N.  of  the  Upper  Coal 
Measures. 

P0LYPHEMOP8I8  NiTiDULA,  Meek  atid  Worthen. 

PlaU  27,  figs.  7  and  8. 

PoLTPHiMOPSis  NITIDULA,  M.  and  W.,  1866.  lU.  Geol.  Repts.  II,  p.  374,  pi.  XXXI,  figs.  9,  a,  b. 
P0LYPHB110P8I8  NITIDULA,  W]li(e,  1882.    EloFenth  Indiana  Gool.  Report,  p.  370,  pi.  42,  figs.  7 
and  8. 

This  shell  was  published  in  the  Eleventh  Annual  Report,  and  referred, 
with  some  doubt,  to  the  P.  nitidula  of  Meek  and  Worthen.  Our  ex- 
ample is  larger  than  the  type  specimen  of  Meek  and  Worthen,  but  it 
seems  to  be  specifically  identical.  It  is  subfusiform;  spire  extended,  its 
sides  nearly  straight ;  volutions  eight  or  more  in  number,  moderately 
convex,  the  last  one  rather  large,  constituting  a  little  more  than  half  the 
iiill  length  of  the  shell ;  suture  impressed  and  distinct ;  aperture  sub- 
ovate  in  outline,  angular  behind ;  sur&ce  plain. 

Length,  27  mm.;  diameter  of  the  last  volution,  11  mm. 

Locality.  The  type  specimens  of  Meek  and  Worthen  came  from  the 
Upper  Coal  Measures  of  Springfield,  Illinois.  The  specimen  here  de- 
scribed and  figured  is  from  the  Coal  Measure  strata  at  Eugene,  Vermillion 
<»unty,  Indiana. 
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POLYPHEMOP8IS  ?   ? 

Plate  32,  fig.  6. 

In  the  Indiana  Geological  Report  for  1880,  I  figured  and  described 
this  form  as  Pdyphemopsisfusiformiay  identifying  it  with  the  MaerocheUy^ 
fimformis  of  Hall,  at  that  time  believing  that  species  to  be  properly  refer- 
able  to  Pdyphemopm,  In  the  last  particular,  I  was  wrong ;  and  I  have, 
on  a  preceding  page,  included  Professor  Hall's  Species  among  those  shells 
which  have  hitherto  been  referred  to  Macrocheilm,  referring  them  all,  pro- 
visionally, to  SoUniscus. 

The  form  here  in  question,  I  do  not  regard  as  certainly  identical  with 
the  Macro<Jieiltui  fiisiformis  of  Hall,  nor  am  I  confident  that  it  properly  be- 
longs to  the  genus  Pdypfiemopsis.  I  refer  it  here,  provisionally,  to  the 
last  named  genus,  but  it  is  quite  likely  that  it  will  hereafter  be  found  to 
be  congeneric  with  those  shells  which  in  this  article  I  have  referred  to 
§oleni8(^. 

This  shell  comes  from  the  Coal  Measure  strata  at  New}X)rt,  Indiana. 


CEPHALOPODA. 

Genus  Orthoceras,  Breynim, 

Orthoceras  Rushensis,  McChemey, 
Plate  36,  fig,  5. 

Shell  small,  slender,  cylindrical  or  terete ;  septa  moderately  concave  ; 
siphuncle  subcentral ;  test  finely  and  distinctly  striate  when  the  epidermis^ 
is  not  removed. 

This  is  probably  the  species  that  was  described  by  McChesney  in  his 
pamphlet  entitled  New  Paleozoic  Fossils.  There  are  probably  three  or 
four  small  species  of  Orthoceras  in  the  Carboniferous  strata  of  the  United 
States  which  are  so  near  alike  that  it  is  difficult,  and  apparently  unprof- 
itable, to  attempt  to  separate  tnem.  The  species  of  this  genus,  at  best^ 
present  few  prominent  specific  characteristics.  The  figure  on  plate  36 
will  give  a  better  idea  of  the  character  of  the  fossil  in  question  than  a 
description  of  it  could  do. 

Locality,  Eugene,  Newport,  Lodi,  Merom,  Graysville,  New  Harmony,. 
Rush  Creek,  Newberg,  Indiana,  from  coal  A.  to  top  of  the  Measures. 
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Genus  Nautilus,  Breynius, 

Nautilus  Winslowi,  Meek  and  Wbrthefi, 

PlcUe^,fiff8.land2, 

l^AirriLua  (Trmnocbrilus)  Wimslowi,  M.  &   W.^  1873.   Illinois  Geol.  Reports,  V,  p.  609* 

pi.  XXXII,  fig.  2. 

Shell  moderately  large,  subdiscoidal ;  umbilici  broad  and  moderately 
-deep,  showing  nearly  the  full  size  of  each  volution;  peripheral  side 
1)roadly'  flattened,  the  middle  third  being  more  distinctly  flat  than  the 
Temainder,  aiid  the  sides  sloping  slightly  to  the  lateral  margins ;  volutions 
four  or  more,  their  transverse  diameter  about  one-third  greater  than  that 
of  the  opposite  direction,  the  lateral  margins  of  the  volutions  bearing  each 
:a  row  of  prominent  rounded  nodes,  which  project  outwards  laterally; 
from  the  rows  of  nodes  the  sides  slope  inward  with  gentle  convexity;  sur- 
iace  marked  by  distinct  lines  of  growth,  which  curve  gently  backward  in 
<;ro8sing  the  sides  of  the  volutions  from  the  inner  margin,  and  also  curve 
strongly  backward  in  crossing  the  periphery,  indicating  a  broad  mesial 
:8inus  in  the  outer  lip. 

Diameter  of  the  coil,  125  mm. ;  transverse  breadth  near  the  aperture, 
including  the  nodes,  88  mm. 

Locality.  The  type  specimen  of  this  species  was  obtained  from  the 
Ooal  Measure  strata  at  Danville,  Illinois.  It  may  be  sought  for  at  the 
following  Indiana  localities :     At  horizons  of  coals  M.  and  N. 

Nautilus  Fobbesianus,  MeChemey. 

PUUeZ6,fig8.SandA. 
Nautilus  Fobbb8Ianub»  MeCke$nev.    Trans.  Chi.  Aoad.  SoL,  I,  p.  50,  pi.  Ill,  fig.  i. 

Shell  somewhat  massive;  volutions  in  contact  but  not  embracing; 
"broadly  convex  on  the  peripheral  side ;  abruptly  rounded  at  each  lateral 
portion,  from  which  the  sides  slope  abruptly  into  the  umbilici;  these  are 
large,  broad  and  deep,  showing  almost  the  whole  width  of  each  volution  ; 
transverse  section  of  the  volutions  subelliptical,  about  half  as  wide  in  the 
plane  of  the  coil  as  it  is  in  the  opposite  direction ;  septa  plain  and  moder- 
ately concave ;  siphuncle  subcentral ;  a  row  of  prominent  rounded  nodes 
occupies  each  side  of*  the  volutions,  and  where  the  shell  substance  is  pre- 
served, it  shows  close-set,  coarse,  revolving,  raised  lines  which  apparently 
■covered  the  whole  surface. 

The  full  diameter  of  an  adult  shell  is  not  known,  but  it  probably 
reached  as  much  as,  or  more  than,  100  mm. 

Locality .  Prof.  McChesnej^s  type  specimen  was  from  Mercer  county, 
Illinois.     The  one  figured  on  plate  36,  is  from  Newport,  Indiana.* 


♦i\r.  decorahu.  Cox. 


Digitized  by 


Google 


166  FAUNA   OF   THE    COAL   MBA8URBS. 

Nautilus  Missouriensis,  StuaUowf 

Plate  36,  figs.  I  and  2. 
Nautilus  Missouriensis,  JSwalloiCt  1857.    Trass.  St.  Louis  Aoa4.  Sci.,  p.  198. 

Professor  Swallow's  description  is  incomplete,  having  been  evidently- 
based  upon  either  a  very  small  example  or  the  inner  volutions  of  one  of 
larger  size.  Our  example,  although  incomplete,  is  much  larger  than 
Swallow's  specimen,  but  the  characters  which  he  mentions  in  his  descrip- 
tion induce  me  to  refer  it  to  N.  Miseourietms  rather  than  to  propose  a  new 
name  for  it,  or  refer  it  to  any  other  described  species.  It  is  certainly  very 
closely  related  to  N,  spedabilu  of  Meek  and  Worthen  ( Illinois  Greol.  Sur- 
vey, II,  p.  308,  pi.  25)  of  the  Chester  Limestone.  Its  proportions  are 
similar,  and  its  septa  have  a  like  gentle  sinuosity,  but  it  is  apparently 
without  the  row  of  gently  raised  obtuse  nodes  at  each  side,  which  char- 
acterize N.  spectabUiB.  This  specimen  being  only  a  cast,  and  somewhat 
eroded,  may  really  have  possessed  that  feature.  The  principal  objection 
to  regarding  our  example  as  specifically  identical  with  N,  spectabUis  seems 
to  lie  in  the  fact  that  it  comes  firom  another  formation ;  but  in  view  of 
the  known  intimate  fiiunal  relationship  between  the  Chester  Limestone 
and  the  Coal  Measures,  their  specific  identity  does  not  seem  improbable. 

The  full  diameter  of  the  coil  of  our  example,  when  perfect,  was  not 
less  than  80  or  100  mm. 

Locality.     Silverwood,  Fountain  county,  Indiana. 

CRUSTACEA. 

The  crustacean  remains  that  have  been  discovered  in  all  the  strata  of 
that  great  coal-field  which  includes  a  large  part  of  the  State  of  Indiana, 
are  few,  but  they  are  interesting  and  important.  If  we  were  to  regard 
the  smallness  of  the  number  of  species  that  have  been  recognized  among 
these  fossil  remains  as  an  indication  of  the  prevalence  of  crustacean  life 
during  the  Coal  Measure  period,  our  estimate  would  be  a  very  low  one. 
But  the  small  number  of  species  referred  to  embrace  forms  which  diflfer 
widely  from  each  other,  and  include  representatives  of  four  or  five  orders 
of  the  class  Ormtacea.  Because  of  the  great  diversity  of  form  and  struc- 
ture among  these  fossil  remains  of  the  Coal  Measuise  period,  we  necessa- 
rily infer  that  crustacean  life  was  not  only  abundant  during  that  ancient 
period,  but  that  it  had  then  reached  almost  as  wide  a  range  of  diflTerentia. 
tion  as  it  has  at  the  present  day. 

The  crustacean  life  of  the  Carboniferous  age  possesses  peculiar  interest 
for  several  reasons.  In  its  strata  are  found  the  latest  known  examples  of 
the  Trilobites,  that  remarkable  order  of  Crustaceans  which  under  a  mul- 
titude of  forms  prevailed  so  abundantly   in  all  the  previous  geological 
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periods.  In  strata  of  later  date  than  those  of  the  Carboniferous  age,  these 
crustacean  forms  have  never  been  disooyered,  and  it  is  believed  that  the 
last  of  that  order  became  extinct  with  the  close  of  that  age. 

The  earliest  known  representatives  of  the  order  to  which  the  living 
horse-foot  crab  belongs  are  also  found  in  Coal  Measure  strata ;  and  with 
them  are  also  found  the  earliest  known  representatives  of  the  shrimps  and 
cray-fishes  of  the  present  day.  A  few  other  forms  are,  also,  occasionally 
found  in  thesj  strata  which,  like  the  Trilobites,  have  ceased  to  exist,  but 
they  are  few,  and  the  last  of  their  kind. 

We  thus  find  in  the  strata  of  the  Carboniferous  ag^B,  and  especially  in 
those  of  the  Coal  Measiire  period,  a  commingling  of  ancient  and  modem 
types  of  crustacean  life.  Old  things  were  then  passing  away,  and  the 
new  were  introduced  to  supply  their  places.  The  same  is  true,  also,  with 
regard  to  certain  other  classes  and  orders  of  animal  life,  but  not  with  ref- 
erence to  ajl,  for  the  changes  were  gradual,  and  many  important  ones  did 
not  take  place  until  much  later  periods. 

The  following  descriptions,  with  their  accompanying  illustrations  (the 
former  considerably  condensed),  are  copied,  mainly,  from  the  work  of 
Messrs.  Meek  and  Worthen  upon  the  Coal  Measure  fauna  of  the  adjoining 
State  of  Illinois,  but  it  will  not  be  unreasonable  to  expect  to  find  any  and 
all  of  them  in  the  Coal  Measure  strata  of  Indiana. 

GNATH08TOMATA. 
Genus  Leaia,  Jones. 

Leaia  tricarinata,  Medt  and  Worthen. 

Plate  39,  fig8.  10,  11.  12  and  13. 
Lkaia  tricarinata,  M.A  W.,  186S.    Illinoifl  Geol.  Rep.,  Vol.  Ill,  p.  541. 

The  carapace  valves  of  this  species  are  transversely  oblong,  the  length 
being  somewhat  more  than  one-quarter  greater  than  the  height,  but  these 
proportions  vary  in  different  specimens ;  the  anterior  border  rounded ; 
basal  margin  broadly  convex ;  posterior  margin  truncated,  nearly  straight 
and  usually  nearly  perpendicular,  but,  sometimes,  oblique,  and  meeting 
the  dorsal  margin  at  a  slightly  acute  angle ;  dorsal  margin  straight,  and 
the  dorsal  border  of  each  valve  is  bent  abruptly  in-  at  right  angles  with 
'  the  plane  of  the  valves,  thus  forming  a  well  defined  lanceolate  corselet, 
which  is  margined  at  each  side  by  a  slender  carina ;  the  lateral  radiating 
ridges,  slender,  sharply  defined,  and  diverge  from  each  other  at  an  acute 
angle ;  the  posterior  one  is  the  longer  of  the  two,  straight,  and  extends 
to  the  postero-basal  margin  ;  the  anterior  one  is  a  little  curved,  and  passes 
from  the  beak  to  the  antero-basal  border ;  the  sur&ce  is  marked  by  from 
twelve  to  sixteen  minute,  slender,  raised  stris,  which  run  parallel  to  the 
posterior  and  anterior  margins  respectively. 
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Liength  of  one  of  the  larger  examples,  about  four-tenths  of  an  inch ; 
height,  a  little  less  than  three-tenths ;  and  the  thickness,  both  valves  to- 
gether, nearly  one-fifth  of  an  inch. 

Examples  of  this  interesting  bivalve  crustacean  have  been  found  at  va- 
rious localities  in  the  Coal  Measure  strata.  It  is  usually  so  compressed 
in  shale  or  other  rock  as  to  flatten  the  valves  almost  completely  and  ob- 
scure the  portion  which  is  flexed  inward  at  the  dorsal  border  to  form  the 
dorsal  corselet.  Meek  and  Worthen,  however,  obtained  some  specimens 
which  were  uncompressed.  The  test  was  very  thin,  and  is  usually  not 
preserved  upon  the  specimens.  Upon  casts  of  the  inner  surfiEice  of  the 
valve  an  impressed  line  shows  the  position  of  each  radiating  ridge,  and  a 
similar  and  much  more  slender  one  shows  the  position  on  the  outer  side  of 
each  of  the  delicate,  concentric,  raised  lines. 

This  ^rm  resembles  the  Leaia  leidyi.  Lea,  from  Pennsylvania,  but 
Meek  and  Worthen  r^ard  them  as  quite  distinct.  These  difler  from 
jL.  leidyi  in  being  about  twice  as  large,  in  having  the  posterior  margin 
more  oblique,  the  basal  margin  more  convex,  and  the  radiating  ridges 
more  sharply  defined.  The  shell  is  also  shorter  in  comparison  with  its 
width. 

Locality.  Patt/s  Ford  of  Little  Vermillion  River,  west  of  Eugene^ 
Brouillet's  Creek,  Vermillion  county,  Indiana. 


MER08T0MATA. 
Genus  Eurypterus,  DeKay. 

EuRYPrBBUS  (Anthraconectes)  Mazonensis,  Meek  and  Worthen. 

PlaUZl.fign.  1,  2  and  3. 

BUETPTIRUS  (AwTHBAOOiftCTM)  MAX05 KK818,  M,  and  TT,  1868.    Am.  Jour.  8ci.,  XL VI  (2),  p. 
21;  lb.,  1868,  Illinois  Geological  Reports,  III,  p.5i4. 

Only  one  specimen  of  this  interesting  fossil  has  yet  been  found,  and  it 
is  the  only  known  representative  in  this  country,  found  in  the  Carbonifer- 
ous strata,  of  an  interesting  order  of  Cru$ta^3ea  that  seems  to  have  reached 
its  culmination  in  the  Upper  Silurian  age.  Some  of  those  whose  remains 
have  been  found  in  the  Waterlirae  Group  of  New  York  were  monsters- 
one  of  them  seems  to  have  been  not  much  short  of  three  feet  in  length, 
according  to  the  statements  of  those  authors  who  have  described  them. 

This  carboniferous  specimen  consists  of  an  impression  upon  the  split 
surface  of  an  ironstone  nodule.  It  shows  the  under  surface  of  all  the 
thoracic  segmente.  and  a  part  of  one  or  two  of  those  of  the  abdominal 
series;  also  the  operculum  or  thoracic  flap,  the  post-oral  plate,  and  the 
maxUlary  or  basal  jomte  of  the  swimming  feet,  all  in  place.  AU  these 
parts  are  in  a  more  or  less  unbroken  condition,  but  they  have  been  flat. 
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tened  by  pressure.  There  are,  also,  imprints  of  some  of  the  succeeding 
joints  of  one  of  the  swimming  feet,  and  its  oar-like  expansion ;  some  ob- 
scure impressions  of  three  of  the  smaller  legs  on  one  side,  and  some  of  the 
basal  joints  of  their  fellows  upon  the  other  side.  All  these  organs  con- 
verge toward  the  mouth,  the  position  of  which  is  immediately  in  front  of 
the  post-oral  plate.  The  legs  are  slender,  terminate  in  a  long  sharply 
pointed  dactylus  like  that  of  the  legs  of  PterygotuSf  and  appear  to  be  with- 
out any  lateral  spines.  The  carapace,  dorsal  portions  of  the  thorax,  the 
posterior  portions  of  the  abdomen  and  the  telson  are  unknown. 

The  postK)ral  plate  is  about  three-quarters  of  an  inch  in  length,  and 
eleven-twentieths  of  an  inch  in  breadth,  at  the  widest  part,  which  is  a  little 
behind  the  middle.  It  is  subovate  in  outline,  broadly  rounded  at  the  sides, 
more  narrowly  rounded  at  the  ends,  the  anterior  end  being  distinctly 
emarginate  at  the  middle.  The  maxillary  joints  or  plates  of  the  swimming 
feet  expose  a  subtrigonal  outline,  their  length  being  a  little  more  than 
three-fifths  of  an  inch,  and  their  breadth,  at  the  posterior  margin,  seven- 
tenths  of  an  inch.  Their  lateral  slopes  are  slightly  sinuous  along  the  mid- 
dle, while  their  anterior  ends  are  narrow,  pointed,  incurved,  and  hardly 
project  beyond  the  anterior  end  of  the  post-oral  plate.  The  succeeding 
joints  are  distinguishable  upon  the  specimen,  but  they  are  not  sufficiently 
well  preserved  to  allow*  of  satis^tory  description. 

The  breadth  of  the  thorax,  near  the  middle,  is  nearly  two  and  a  half 
inches,  and  a  little  more  than  two  iuches  in  length.  On  the  ventral  side 
the  middle  segments  are  a  little  more  than  seven-tenths  of  an  inch  in 
length  or  antero-posterior  diameter ;  but  both  the  anterior  and  posterior 
ones,  especially  the  latter,  are  shorter ;  and  they  are  all  rounded  at  their 
postero-lateral  angles.  Some  impressions  upon  the  sur&ce  of  the  speci- 
men, however,  show  that  the  lateral  terminations  of  the  dorsal  portion  of 
the  posterior  thoracic  segments  extended  out  beyond  the  rounded  ends  of 
those  below,  into  acutely  pointed  extremities,  directed  obliquely  outward 
and  backward.  These  projecting  points  of  one  of  the  posterior  thoracic 
segments  are  seen  to  extend  out  obliquely  nearly  half  an  inch  beyond  the 
rounded  extremities  of  those  below,  and  to  terminate  in  sharp  points.  A 
portion  of  one  of  the  anterior  abdominal  segments  which  remains,  appears 
to  show  that  the  abdomen  is  comparatively  narrow,  and  that  the  postero- 
lateral extremities  of  its  segments  terminate  in  strong  angular  processes, 
directed  nearly  straight  behind,  but  having  oblique  anterior  margins. 

The  thoracic  flap  has  lateral  wings  similar  to  those  of  the  typical  forms 
of  EurypteruSy  and  they  have  the  appearance  of  being  composed  of  two 
of  the  body  segments  anchylosed  together,  the  anterior  one  being  not 
more  than  half  as  broad  as  the  other,  which  is  of  the  same  size  as  the 
body  segments.  Its  mesial  appendage  has  the  remarkable  length  of  one 
and  six-tenths  inches,  and  can  be  traced  on  the  specimen  as  far  back  as 
the  posterior  margin  of  the  fifth  thoracic  segment,  and  it  is  evidently  not 
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bipartite  at  the  extremity.  Oa  each  side  of  the  anterior  end  of  the  me- 
sial appendage  there  is  a  small  spatulate  piece  which  does  not  correspond 
to  any  known  parts  of  the  operculum  of  the  Eurypterus,  These  pieces  are 
a  little  more  than  four-tenths  of  an  inch  in  length  and  three-twentieths  of 
an  inch  in  breadth.  Their  sides  are  nearly  parallel,  anterior  extremities 
pointed,  and  their  posterior  ends  transversely  truncated  with  their  lateral 
angles  rounded.  Their  anterior  pointed  ends  terminate  nearly  in  contact 
with  the  two  small  pieces  called  intercalated  pieces,  by  Prof.  Hall. 

In  consequence  of  the  differences  which  this  species  presents  from  the 
typical  forms  of  Eurypteru^,  Meek  and  Worthen  suggested  that  it  might 
be  found  to  be  generically,  or  at  least  subgenerically,  distinct.  The  differ- 
ences they  designated  are  the  great  length  and  non-bipartite  extremity  of 
the  mesial  appendage  of  the  operculum,  and  the  presence  of  an  additional 
spatulate  appendage  at  each  side  of  the  long  mesial  one. 

Locality,  This  specimen  was  obtained  from  the  Coal  Measure  strata  at 
Mazon  Creek,  Grundy  county,  Illinois.  It  may  reasonably  be  sought  for 
at  the  following  localities  in  Indiana :  Patty's  Ford  of  Little  Vermillion 
River,  Brouilletfs  Creek,  Vermillion  county,  and  Durkee's  Ferry,  Vigo 
county. 

Genus  Euproops,  Meek  and  Worthen, 

EuPROOPS  Danje,  Meek  and  Worthen, 

PlaU  39,  fig,  1. 

Brllinubus  Danjs,  M,  and  W.,  1866.    lUinois  Oeol.  Report,  II.,  p.  395. 
Euproops  Dan^b,  M.  and  W.,  1868.    Illinois  Geol.  Report,  III.,  p.  547. 

This  interesting  ancient  representative  of  the  living  horse-foot  crabs  was 
first  described  under  the  generic  name  of  Bellinurm,  and  by  that  name  it 
became  somewhat  widely  known.  Upon  the  discovery,  however,  of  bet- 
ter examples  than  were  at  first  known.  Meek  and  Worthen  found  that  it 
possessed  certain  characteristics  which  are  not  shown  by  Bdlinurua. 
They,  therefore,  proposed  the  genus  Euproops  to  receive  it. 

The  cephalo-thoracic  shield  is  transversely  crescentic  in  outline,  more 
than  twice  as  wide  as  long,  moderately  convex,  its  height  nearly  equal  to 
half  its  length  at  the  median  axis;  the  front  margin,  including  the  spine- 
bearing  sides,  continuously  and  regularly  rounded ;  the  lateral  angles 
directed  obliquely  outward  and  backward  with  a  slight  curve,  the  convex- 
ity of  which  is  outward ;  these  angles  end  in  slender  acute  spines,  their 
points  being  nearly  opposite  the  middle  of  the  abdomen,  and  at  some  dis- 
tance from  its  sides ;  the  posterior  margin  of  the  cephalo-thoracic  shield 
nearly  straight  along  the  middle  portion,  and  gently  concave  at  each  lat- 
eral portion;  mesial  lobe  small,  a  little  less  in  height  than  the  adjacent 
ocular  ridges,  rounded  and  well  defined  at  its  posterior  end,  where  it  bears 


Digitized  by 


Google 


REPORT  OF   STATE  GEOLOGIST.  171 

a  central  tubercle,  which  is  probably  sometimes  spine-like ;  at  about  one- 
third  the  length  of  the  shield  from  the  posterior  margin,  a  less  distinct 
tubercle  sometimes  appears;  the  sides  of  the  lobe  converge  gently  for- 
ward, then  they  suddenly  converge  into  a  linear  carina,  which  extends 
forward  to  the  anterior  transverse  divisicm  of  the  ocular  ridge ;  the  area 
which  is  included  by  the  ocular  ridge  is  subquadrangular  in  outline  or 
crown-shaped,  and  constitutes  the  middle  third  of  the  cephalo-thoracic 
shield  ;  at  its  anterior  end  it  is  a  little  wider  than  it^  full  length,  which  is 
equal  to  about  five-sixths  the  length  of  the  shield ;  its  lateral  margins 
concave;  anterior  side  convex,  with  a  central  emargination ;  its  surface  is 
divided  into  four  irregular  areas  by  the  mesial  lobe  with  its  anterior  linear 
prolongation,  and  the  two  less  distinct  linear  transverse  ridges;  ocular 
ridge  narrow,  but  distinct,  its  lateral  portions  arching  inward  behind  the 
eyes,  and  terminating  posteriorly  at  the  margin  of  the  shield,  nearly 
opposite  the  middle  of  each  lateral  lobe  of  the  abdomen,  in  a  spine-like 
process  which  appears  to  have  been  triangular,  the  process  being  directed 
backward,  outward  and  a  little  upward ;  the  anterior  transverse  division 
of  the  ridge  arching  forward  at  each  side,  and  curving  backward  at  the 
middle.  Compound  eyes  small,  distant  from  each  other,  and  located  one 
at  each  antero-lateral  angle  of  the  crown-shaped  central  area  of  the  shield, 
about  one-third  its  length  from  its  anterior  margin.  Simple  eyes  are  not 
known  to  have  existed.  The  abdomen  is  transversely  suboval  in  outline, 
wider  than  long ;  the  lateral  margins  rounded  in  abruptly  at  the  front, 
but,  posteriorly,  they  blend  into  a  regular  curve  with  the  posterior  mar- 
gin ;  the  surface  of  the  abdomen  a  little  more  depressed  than  that  of  the 
oephalo-thorax,  especially  in  front ;  the  flattened  lateral  borders  are  rather 
narrow,  and  scalloped  between  the  marginal  spines;  the  breadth  of  the 
mesial  lobe  about  equal  to  that  of  the  cephalo-thoracic  lobe,  a  little  more 
elevated  than  the  lateral  abdominal  lobes,  and  half  as  broad ;  segments 
distinct,  the  first  and  third,  each,  bearing  a  small  tubercle,  the  sixth  as 
long  as  any  of  the  others,  narrowed  and  depressed  behind  and  bearing  a 
large  tubercle,  which  is  apparently  sometimes  spine-like ;  lateral  abdomi- 
nal lobes,  depressed  along  the  inner  side,  rounding  abruptly  down  to  the 
flattened  free  borders  at  the  outer  sides  and  behind ;  segments  defined  by 
linear  ridges,  which  are  separated  by  flattened  spaces  four  or  five  times  as 
wide  as  the  ridges;  the  latter  extend  obliquely  outward,  and  a  little 
backward,  across  the  lateral  lobes  and  their  flattened  borders,  and  are 
produced  into  the  slender  lateral  spines,  which  have  a  gentle  backward 
curve. 

The  telson  b  apparently  nearly  two-thirds  as  long  as  the  abdomen, 
gradiially  tapering,  subtrigonal,  flat  below,  angular  at  each  side,  and 
obtusely  angular  above. 

The  appendages  of  the  under  side  unknown,  except  one  leg.  This  i» 
seen,  in   one  specimen,  projecting  out  from  under  the  cephalo-thoracic 
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shield,  between  its  posterior  margin  and  the  abdomen.  The  leg  is  slen- 
der ;  about  one-eighth  of  an  inch  in  length  of  the  first  segment  appearing 
from  beneath  the  shield ;  the  next  segment  about  one-quarter  of  an  inch 
long  and  scarcely  more  than  one  twenty-fifth  of  an  inch  in  breadth.  The 
succeeding  segments  are  traceable  upon  the  specimen  nearly  one-third  of 
an  inch,  curving  toward  the  extremity,  and  apparently  ending  in  a  point. 
The  position  of  this  leg  in  the  series  has  not  been  ascertained. 

The  entire  length  of  the  animal,  from,  the  extremity  of  the  caudal  seg- 
ment to  the  anterior  border  of  the  cephalo-thoracic  shield,  is  nearly  two 
inches.  Length  of  the  cephalo-thorax,  nearly  six-tenths  of  an  inch; 
breadth  of  the  same,  to  the  extremities  of  the  lateral  spines,  one  and 
seven-tenths  inches ;  length  of  the  area  included  by  the  ocular  ridge,  half 
an  inch ;  greatest  breadth  of  the  same  (the  distance  between  the  eyes), 
six-tenths  of  an  inch.  Length  of  the  abdomen,  nearly  five-sixths  of  an 
inch ;  breadth  of  the  same,  excluding  the  flattened  free  margins,  a  little 
more  than  nine-tenths  of  an  inch ;  breadth  of  the  mesial  lobe,  nearly  a 
quarter  of  an  inch ;  length  of  caudal  segment,  six-tenths  of  an  inch. 

Locality.  The  type  specimens  of  this  species  were  found  at  Mazon 
Creek,  Grundy  county,  Illinois,  but  they  may  be  sought  for  in  the  follow- 
ing localities  in  Indiana :  Brouilletf s  Creek  and  Durkee's  Ferry,  Vigo 
county. 

EUPROOPS  COLLETTI  (n.  S.) 

Plate  39,  fig,  2. 

On  the  face  of  a  split  iron-stone  nodule  found  in  Coal  Measure  strata  at 
Durkee's  Ferry,  Vigo  county,  Indiana,  there  is  an  imperfect  impression 
of  an  EuproapSj  which  seems  to  be  specifically  diflerent  from  E.  Dana, 
The  specimen  is  too  imperfect  for  detailed  description,  and  it  is,  therefore, 
not  attempted.  It  seems  to  differ  from  E.  Dance  in  the  following  par- 
ticulars : 

The  cephalo-thoracic  shield  is  proportionately  a  little  larger,  and, 
although  its  postero-lateral  extremities  are  sharply  angular,  they  appear 
not  to  have  been  produced  into  slender  spines.  The  median  lobe  is  wider 
in  front,  and  it  narrows  more  rapidly  posteriorly,  and  with  straighter 
sides.  The  caudal  spine  appears  to  have  been  smaller.  The  lateral  spines 
appear  to  have  been  less  slender,  and  the  two  last  ones  seem  to  have  been 
very  small  and  very  close  to  the  caudal  spine. 

Assuming  this  form  to  be  distinct  from  E,  Dance,  the  proposed -new 
specific  name  is  given  it  in  honor  of  Mr.  Josephus  CoUett,  who  dis- 
covered it. 
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TRILOBITA. 
Genus  Phillipsia,  Portlock. 
Phillipsia  (GRiFFiTHrDES?)  8CITULA,  Meek  and  Warthm, 

PtaU  SO.figs,  6,  7,  8  and  9. 

Pbillipsia  (Gritfithidbb  ?)  scnvLA,  M.  and  W.,  1873.    IlIiDois  Geo).  Reports,  V,  p.  615.  pi. 

XXXII,  fig.  3. 

As  has  already  been  stated,  the  great  order  of  TrUofntes  became  extinct 
with  the  close  of  the  Carboniferous  age.  With  tlie  close  of  the  Devonian 
age,  the  order  became  reduced  to  two  or  three  genera,  at  most ;  and  in 
the  Coal  Measure 'period,  only  a  few  examples  of  one  or  two  genera  are 
found.  Only  the  two  small  species  which  are  here  described  are  likely 
to  be  found  in  the  Coal  Measures  of  Indiana,  yet  it  is  possible  that  others 
may  yet  be  discovered. 

This  species  is  small,  and,  when  distended,  its  outline  is  nearly  elliptic. 
The  cephalic  shield  is  semi-elliptic,  prominently  convex,  its  breadth  about 
one-third  greater  than  its  length ;  its  anterior  margin  rounded ;  its  posterior 
margin  nearly  straight ;  its  postero-lateral  angles  projecting  backward,  and 
forming  somewhat  strong  carinated,  sharp  spines,  their  points  reaching  as 
fer  back  as  the  fifth  thoracic  segment.  The  glabella  is  broadly  rounded, 
sloping  in  front,  without  an  anterior  projecting  marginal  rim ;  contracted 
toward  its  posterior  end,  which  is  the  most  elevated  part;  its  prominent 
convexity  defines  it  from  the  cheeks  at  either  side,  and  it  is  also  bordered, 
laterally,  by  a  shallow  furrow,  which  becomes  obsolete  around  its  front 
margin;  postero-lateral  lobes,  comparatively  large,  sub-trigonal,  very  ob" 
lique,  depressed,  and  distinctly  defined  by  the  lateral  furrows  in  front; 
second  and  third  lateral  lobes  small,  transverse,  indistinctly  defined  by 
short,  nearly  obsolete,  linear  furrows;  anterior  lobe  larger  than  all  the 
remaining  portions  of  the  glabella  between  it  and  the  neck  furrow.  The 
neck  segment  is  a  little  more  prominent  at  the  middle  than  the  glabella, 
strongly  arched  upward  but  not  forward,  its  antero-posterior  breadth  more 
than  twice  as  great  as  that  of  one  of  the  thoracic  segments ;  a  minute 
tubercle  is  usually  observable  upon  its  median  line ;  neck  furrow  deep, 
broad,  and  corresponding  to  the  arching  of  the  neck  segment.  Eyes  com- 
paratively large,  half  as  long  as  any  part  of  the  glabella,  prominent  be- 
hind, the  position  of  their  posterior  margins  opposite  the  neck  furrow,  and 
reaching  forward  less  than  half  their  own  length  beyond  the  posterior 
margins  of  the  cheeks;  the  visual  surface  prominent,  subhemispherical, 
smooth,  and  even  appearing  to  be  polished,  under  a  pocket  lens.  When 
examined  by  a  high  magnifying  power,  however,  it  shows  numerous  reg- 
ularly disposed  minute  lenses  beneath  the  smooth,  transparent  outer  layer; 
palpebral  lobes  semicircular,  convex,  and  having  the  appearance  of  eye- 
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lids.  Cheeks  small  in  comparison  with  the  eyes  and  glabella,  and  slope 
abruptly  from  the  eyes  into  the  deep,  broad  marginal  furrow ;  the  furrow 
suddenly  becoming  obsolete  at  the  anterior  lateral  margin  of  the  glabella, 
but  extends  backward  to  the  subspiniform  appendages ;  posterior  margins 
having  an  elevated  rim,  strongly  defined  by  the  deep  continuation  of  the 
neck-furrow ;  lateral  margins,  when  viewed  from  above,  showing  a  nar- 
row rim,  which,  by  side  view,  is  seen  to  be  deep,  vertically  flattened,  and 
marked  by  fine  parallel  longitudinal  strise ;  anteriorly,  the  rim  continues 
around  to  the  front  of  the  glabella,  but  it  is  not  sufficiently  prominent  to 
be  visible  from  above,  and  its  upper  margin  is  continued  in  the  form  of  a 
carina,  along  the  middle  of  the  spinous  processes,  to  their  points.  Facial 
sutures,  cutting  the  anterior  border  in  front  of  the  eyes  and  the  posterior 
margins  of  the  cheeks  behind  the  outer  margins  of  the  eyes. 

Thorax  almost  as  long  as  the  head,  but  it  is  a  little  narrower,  and  dis- 
tinctly trilobate;  its  mesial  lobe  prominent,  convex,  and  a  little  wider 
than  the  lateral  lobes ;  its  nine  segments  narrow  and  subangular.  The 
lateral  lobes  are  depressed,  convex,  and  flattened  along  their  inner  sides, 
sloping  abruptly  at  their  outer  sides,  producing,  thus,  an  obtuse  longitu- 
dinal angle  along  each  lateral  lobe ;  segments  of  the  lateral  lobes,  six  in 
number,  simple,  bent  abruptly  downward  at  the  middle,  where  each  has 
a  minute  pustule,  but  terminating  abruptly  at  the  rather  wide  border. 
Sur&ce  of  the  glabella  and  all  the  segments  more  or  less  granular,  the 
granules  being  coarser  on  the  posterior  part  of  the  glabella  and  neck  seg- 
ments than  elsewhere. 

Entire  length  of  a  medium  sized  example,  nearly  seven-tenths  of  an 
inch ;  length  of  the  pygidium,  two-tenths  of  an  inch ;  breadth  of  the  same, 
three-tenths ;  length  of  thorax,  a  little  less  than  two^tenths ;  breadth  of 
the  same,  a  little  less  than  three-tenths ;  length  of  the  cephalic  shield,  two 
and  a  half  tenths;  breadth  of  the  same,  a  little  over  three-tenths. 

Locality,  This  species  is  widely  distributed  in  thQse  States  which  em- 
brace portions  of  the  Coal  Measures.  It  may  be  found  in  the  following 
places  in  Indiana,  among  others:  Perrysville,  Eugene,  Lodi,  Silverwood, 
and  Newport. 

Phillipsia  (Griffithides?)     Sangamonensis,  Meek  and  Warthen, 

PtaU  39,  figa,  4  and  5. 

PH1LLIP8IA  (GBirKiTHiDKS?),  Sanoamonknsib,  Af.  and  W,t  1873.     Illinois  Oeol.  Reports  Vr 

p.  615,  pi.  XXXII,  fig.  4. 

This  species  resembles  the  foregoing  in  general  aspect,  but  it  is  larger. 
It  is  subovate  in  entire  outline,  as  indicated  by  the  detached  parts  that 
have  been  discovered.  The  cephalic  shield  is  convex,  its  outer  border 
forming  more  than  a  semi-circle,  about  one-third  wider  than  long,  regu- 
larly rounded  in  front  and  straight  behind,  but  its  postero-lateral  angles 
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are  produced  into  strong  carinated  subspinous  processes,  which  are  equal 
in  length  to  the  distance  Arom  the  posterior  side  of  the  cheeks  to  the  ante- 
rior end  of  the  eyes ;  glabella  prominent,  sub-inflated,  defined  from  the 
cheeks,  at  each  side,  by  a  moderately  distinct  furrow,  which  is  continu- 
ous around  the  front ;  its  greatest  convexity  behind  the  middle,  from 
which  part  it  declines  to  the ,  rounded  front ;  its  length  is  about  one- 
fourth  greater  than  its  width,  which  is  slightly  greater  between  the  eyes 
than  it  is  further  forward  ;  the  sides  are  nearly  parallel,  but  a  little  sinu- 
ous along  the  middle ;  posterior  lateral  lobes,  comparatively  large,  prom- 
inent, and  isolated  by  the  distinct  lateral  furrow  which  passes  obliquely 
across,  with  a  lateral  curve,  from  opposite  the  middle  of  each  eye,  so  as  to 
intersect  the  neck  furrow ;  second  lateral  lobes  obscure  and  much  smaller 
than  those  behind,  defined  by  a  fiiintly  impressed  curved  oblique  line ;  for- 
ward of  these  lobes  there  are  also  obscure  traces  of  two  other  short  obso- 
lete lateral  furrows  which  are  hardly  visible  to  the  naked  eye.  Occipital 
segment  well  defined  but  shorter  than  the  glabella,  strongly  arched  upward 
but  not  forward,  and  projecting  backward  a  little  behind  the  range  of  the 
posterior  border  of  the  cheeks ;  neck  furrow  distinct  and  arched  upward 
with  the  occipital,  or  neck  segment;  its  prolongation  along  the  posterior 
sides  of  the  cheeks  very  deep  and  nearly  straight  for  about  two-thirds  of 
the  way  across,  towards  the  lateral  margins,  where  it  intersects  another 
furrow,  which  passes  around  the  sides  of  the  cheeks. 

Eyes  lunate,  rather  large,  or  nearly  half  as  long  as  the  glabella,  exclu- 
sive of  the  neck  segments;  they  are  prominent,  being  about  as  much 
elevated  as  the  glabella,  and  their  position  is  about  half  their  own  length 
in  front  of  the  posterior  margins  of  the  cheeks.  The  visual  surface  is 
smooth,  and  has  a  polished  appearance  under  a  pocket  lens,  but  no  traces 
of  lenses  have  yet  been  detected  in  the  eyes  by  a  higher  magnifying  power. 
The  palpebral  lobes  are  convex,  and  rest  upon  the  eye  like  a  lid.  The 
cheeks  are  subtrigonal,  sloping  abruptly  away  from  the  eyes ;  lateral  mar- 
gins turned  downward,  and  forming  a  sharp  edge  below,  which  is  con- 
tinued backward  along  the  postero-lateral  spines.  Above  this  there  is  a 
vertically  flattened,  or  sometimes  slightly  concave,  zone,  which  extends 
fit)m  near  the  front  of  the  gabella,  around  the  outer  side  of  each  cheek, 
and,  passing  backward,  it  becomes  a  shallow  furrow  upon  the  spines, 
traceable  nearly  to  their  extremities.  Between  this  zone  and  the  eyes  / 
there  is  another  somewhat  similar  zone,  which  extends  posteriorily  around 
each  cheek,  from  near  the  front,  and  unites  with  the  lateral  connections 
of  the  neck  furrow  behind ;  they  then  continue,  as  a  single  furrow,  along 
the  upper  margin  of  the  spines,  and  leave  a  more  or  less  defined  mesial 
ridge  between  these  two  furrows  along  the  entire  length  of  the  «spines, 
as  well  as  around  the  cheeks,  to  near  the  front  of  the  glabella ;  posterior 
margins  of  the  cheeks  behind  the  neck  furrow  prominent. 

Facial  sutures  extending  obliquely  forward  and  outward  from  the  ante- 
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rior  side  of  the  eyes,  then  curving  inward,  so  as  to  cut  the  anterior  mar- 
gin nearly  on  a  line  with  the  anterior  inner  extremity  of  the  eyes ;  from 
the  posterior  end  of  the  eyes  the  sutures  are  directed  outward  and  back- 
ward, intersecting  the  posterior  margin  about  midway  between  the  neck 
segment  and  the  spine-like  postero-lateral  projections. 

Thorax  not  iully  known,  only  a  few  of  tlie  posterior  segments  having 
been  discovered.  These  show  the  mesial  lobe  to  be  wider  and  more  prom- 
inent than  the  lateral  lobes ;  the  latter  lobes  are  flattened  near  the  mesial 
lobe,  and  along  the  median  line  of  each  they  are  abruptly  bent  downward ; 
segments  divided  by  a  furrow,  which  extends  from  the  knee  inward,  along 
the  anterior  side. 

The  pygidium  is  semi-elliptic  in  outline,  somewhat  convex,  and  a  little 
wider  than  long,  narrower  and  a  little  longer  than  the  cephalic  shield, 
narrowing  posteriorly,  and  abruptly  rounded  at  the  posterior  extremity. 
Mesial  lobe  prominent,  a  little  flattened  at  each  side,  narrower  than  the 
lateral  lobes,  separated  from  them  at  each  side  by  a  broad,  strong  furrow ; 
the  lobe  tapers  gradually  backward,  and  terminates  abruptly  at  a  distance 
equal  to  about  one-third  its  own  length  from  the  posterior  margin;  a 
broad,  nearly  flat,  or  gently  sloping  smooth  border  extends  continuously 
along  the  whole  free  margin  of  the  pygidium,  which  is  a  little  broader  at 
the  posterior  extremity  than  it  is  nearer  to  the  abdominal  portion ;  seg- 
ments of  the  mesial  lobe  seventeen  or  eighteen  in  number,  straight, 
rounded,  and  well  defined. 

Lateral  lobes  less  prominent  than  the  me^al,  and  one-third  or  one- 
fourth  wider,  abruptly  convex  at  their  outer  side;  segments  nine  or  ten, 
simple,  separated  by  distinct  furrows,  all  terminating  abruptly  at  the 
inner  edge  of  the  broad,  smooth,  marginal  zone.  The  whole  surface  of 
the  test  nearly  smooth. 

Length  of  cephalic  shield  along  the  median  line  nearly  half  an  inch ; 
breadth  of  the  same,  six  and  a  half  tenths  of  an  inch.  Length  of  the 
glabella,  three  and  a  half  tenths  of  an  inch ;  breadth  of  the  same,  three- 
tenths  of  an  inch  at  the  widest  part. 

Locality.  This  species  is  not  so  commonly  found  as  the  preceding  one, 
but  it  may  be  sought  for  at  the  same  Lidiana  localities  as  the  foregoing.. 

ISOPODA. 

Genus  Acanthotelson,  Meek  and  Warthen, 

AcANTHOTELSON  Stimpsoni,  Meek  and  Wcrrthen. 

PUxU  37,  figd,  4  aud  5. 

AOASTIWTBLSON  Sttmpsoni,  Af.  and  W.,  1866.    lUinois  Geol.  Reports,  II.,  p.  401,  pi.  XXXII, 

fig.  6. 
ACANTHOTKLSON  STiMpgONi,  M.  and  W.,  1868.    Illinois  Geol.  Reports,  III.,  p.  649. 

Our  present  knowledge  of  this  interesting  species  has  been  gained  from 
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several  successive  discoveries  of  more  or  kss  imperfect  examples,  and  the 
successive  publications  of  it  by  the  authors  above  cite^  have  varied  some« 
what  as  additional  knowledge  was  gained.  The  following  is  a  summary 
of  its  characteristics: 

Elongate  or  sublinear  in  shape ;  the  upper  antennae  fully  as  long  as,  if 
not  longer  than,  the  head  and  first  five  thoracic  segments  together; 
peduncle  rather  stout,  a  little  longer  than  the  head ;  first  joint  a  little 
longer  and  wider  than  the  two  others,  the  latter  being  nearly  of  equal 
length ;  flagellum  slender  and  minutely  jointed ;  accessory  appendage 
about  as  long  as  the  flagellum  and,  like  it,  minutely  jointed;  inferior  an- 
tennsB  as  long  as  the  head  aild  seven  thoracic  segments  together ;  peduncle 
a  little  longer  and  larger,  but^  in  other  respects,  it  is  like  that  of  the 
upper  antenme ;  flagellum  similar  to  the  upper  pair,  but  a  little  larger. 
Head  apparently  subquadrangular,  its  upper  side  longer  than  the  lower, 
the  anterior  side  being  oblique.  Eyes  small,  round,  situated  just  below 
the  bases  of  the  upper  antennse.  The  thoracic  and  abdominal  segments, 
together,  fourteen  in  number,  all  distinctly  observed,  except  the  last  one ; 
a  few  of  those  nearest  the  head  are  a  little  shorter  than  the  others,  but, 
except  this,  they  are  all  of  nearly  equal  length;  their  antero-basal  mar- 
^gins  rounded  ;  posterior  margins  subrectangular. 

The  thoracic  legs  of  the  first  pair  are  about  one-fourth  longer  and  a 
little  larger  than  those  of  the  five  succeeding  pairs,  and  seem  to  end  in  a 
^harp  dactylus.  The  five  succeeding  pairs  of  legs  are  of  nearly  equal 
size  and  form,  and  their  upper  segments  are  short  and  not  enlarged. 
The  seventh  pair  are  nearly  as  long  as  the  first,  and  more  slender  than 
any  of  the  others.  Abdominal  natatory  appendages  long  and  slender, 
the  styliform  pair  haying  the  first  segment  short  and  quadrangular;^ 
second  and  only  other  joint  as  long  jas  the  telson,  which  they  closely 
resemble  in  shape,  their  upper  and  lower  margins  each  with  a  row  of 
short  oblique  rather  distant  seta,  between  which  a  good  lens  reveals 
numerous  close-set  minute  setse.  Length  of  the  telson  equal  to  the  length 
of  the  last  four  abdominal  segments ;  its  vertical  width  at  the  base  equal 
to  one-half  the  width  of  the  penultimate  abdominal  segment,  but  it  tapers 
to  a  inucrohate  point ;  tapper  and  lower  margins  setigerous  like  those  of 
the  stylets. 

LocalUy.  All  the  specimens  yet  found  are  from  Grundy  county,  HU- 
nois,  but  it  may  be  sought  for  at  the  following  localities  in  Indiana :  In 
concretions  on  Little  Vermillion  river  and  Brouillett*s  Creek  of  Vermil- 
lion county,  and  Durkee's  Ferry  in  Vigo  county. 

AcANTHOTELSON,  EvENi,  Meek  and  Wortheru 

Bate  ^Syfigs.  4,  5,  6,  and  7. 

AcAXTHOTBLSOx  EvBsi,  M.  and  W.,  1868.    Illinoia  Geol.  ReporUh.  MI,  p.  55K 

All  the  specimens  of  this  species  that  h^VQ  yet  bi^en^  djl^oayq^^  u^ 
12— Gbol.  -^  T 
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fragmentarj,  but  Meek  and  Worthen  were  satisfied  that  it  is  a  distinct 
species  from  A,  Sttmpsoni,  The  differences  which  they  pointed  out  are : 
That  it  is  larger  and  more  robust,  while  its  bodj  is  proportionally  longer 
and  more  slender.  The  joints  of  all  the  legs,  and  also  of  the  antennae, 
are  proportionally  longer  and  more  slender.  At  first,  these  authors  sup- 
posed that  the  stylets  were  not  connected  with  penultimate,  but  with  the 
antepenult  segments.  In.  their  latest  publication  (toe,  dt.)  they  express 
the  opinion  that  the  appearance  just  mentioned  was  deceptive,  and  pro- 
duced by  a  displacement  of  the  parts  in  their  specimen  during  the  process 
of  its  fossilization. 

Locality.  This  form  was  discovered  in  Grundy  county,  Illlin(HS,  asso- 
ciated with  the  preceding  and  other  crustacean  species,  and  is  likely  to 
be  found  in  any  of  the  Indiana  Coal  Measure  strata  that  contain  similar 
crustacean  forms. 

Grenus  Dithybocaris,  Sc&uUr. 
DiTHYBOCABis  CARBONAKius,  Meek  and  WoHhen. 

FtaU  39,  fig.  3. 

DiTBTKOCARis  CAKBONABiUBt  M.  and  W.,  187S.    IUinoi8  Geol.  Reports,  V,  p.  618,  pi.  XXXII. 

fig.  1. 

This  species  is  yet  known  only  by  the  caudal  appendage ;  but  this  is  so 
characteristic  as  to  render  its  identificaticfn  an  easy  matter  by  any  col- 
lector. It  is  especially  interesting  as  being  the  only  representative  of  the 
genus  which  American  strata  have  afforded. 

The  telson  and  stylets  are  lanceolate  in  shape  and  flattened.  All  three 
are  closely  similar  in  shape  and  size,  but  the  telson  is  a  trifle  shorter  than 
the  stylets,  and  tapers  to  the  extremity  a  little  more  rapidly.  The  telson 
is  flattened  upon  its  under  side,  and  bears  a  faint  mesial  longitudinal 
ridge,  with  a  fiiint  longitudinal  sulcus  at  each  side  of  it;  the  lateral  mar- 
gins sharp.  Its  upper  side  bears  a  distinct  mesial  carina,  from  which 
the  surface  at  each  side  slopes  with  gentle  concavity  to  the  sharp  edges. 
The  stylets  are  flattened  upon  their  under  side,  where  six  or  seven  longi- 
tudinal ridges  are  seen.  On  the  upper  side,  there  is  a  distinct  mesial  lon- 
gitudinal carina,  with  a  concave  furrow  at  each  side  of  it.  Along  each 
lateral  margin,  there  are  two  closely  approximate  carinse,  one  above  and 
the  other  below,  with  a  narrow  sulcus  between. 

Length  of  the  telson,  three-quarters  of  an  inch;  greatest  breadth  nearly 
one-eighth  of  an  inch.  The  stylets  are  a  trifle  longer,  and  of  the  same 
breadth. 

Locality.  The  original  specimen  of  this  species  were  found  in  Coal 
Measure  strata  at  Danville,  Illinois.  It  is  a  rare  species,  but  it  may  be 
reasonably  sought  for  in  almost  any  of  the  Coal  Measure  localities  in 
Indiana. 
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MACBOURA. 
Oenufl  Paljbocaris,  Muk  and  Worthen. 

Palaocaris  typus,  Meek  and  Worthen. 
PUUe  3S,  Jig*.  I,  2,  and  3, 

Acanthotilsoii  iiijcqualm,  M.  and  W.   Illinoii  Oeol.  Rep^  11,  p.  406,  pi.  XXXII,  fig.  7. 
Paubooakis  ttpui,  M.  and  W.    Dlinoii  Geol.  Rep.,  II,  p.  405.  pi.  XXXII,  fig.  5. 
Paljbooabu  ttpub,  M.  and  W.   IllinoU  Qeol.  Rep.,  Ill,  p.  562. 

Upon  the  original  discovery  of  the  first  example  of  this  form,  Meek 
and  Worthen  believed  it  to  belong  to  the  genus  AeanOu^teUon,  and  accord- 
ingly placed  under  the  Ikopoda;  but  upon  the  subsequent  discovery  of 
other  and  more  perfect  specimens,  they  established  the  new  genus  Pakuh 
eariSf  and  placed  it  with  the  Maerourans. 

The  body,  in  general  shape,  is  linear,  the  thorax  being  slightly  wider 
near  its  middle  than  the  abdomen,  the  length  of  the  segments  nearly 
equal  in  both  thorax  and  abdomen,  the  length  of  the  inner  antennse  about 
equal  to  that  of  the  head  and  thorax  together,  the  peduncles  stout,  the 
first  joint  of  it  being  a  little  longer  and  wider  than  either  of  the  other 
two ;  the  latter  joints  are  of  nearly  equal  length  and  their  inner  borders 
are  margined  with  fine,  close-set  setae;  the  flagellum  very  slender  and  mi- 
nutely jointed ;  accessory  appendage  about  as  long  as  the  flagellum,  which 
it  closely  resembles  in  all  respects. 

The  outer  antennse  appear  to  be  a  little  longer  than  the  others,  and  the 
peduncles  slightly  longer  than  those  of  the  other  pair,  and  they  are  also 
minutely  setigerous  in  front;  basal  scales  (?)  oblong,  squarely  truncated, 
and  about  equal  in  length  to  the  first  joint  of  the  peduncles. 

The  thoracic  legs  are  long  and  slender,  the  anterior  ones  apparently  not 
difi*ering  in  this  respect  from  the  others ;  none  appear  to  be  chelate ;  the 
first  two  or  three  joints  short,  the  fourth  (?)  joint  tapering  and  extended 
horizontally,  its  length  being  about  equal  to  four  body  segments ;  the  suc- 
ceeding joints  slender,  and  bent  abruptly  downward  and  backward. 
Swimming  appendages  of  the  abdomen  acutely  lance-linear,  the  length  of 
some  of  them  being  equal  to  four  abdominal  segments ;  base  of  the  tel- 
son  nearly  as  broad  as  the  penultimate  segment;  the  telson  tapering  at 
the  sides,  which  are  minutely  setigerous,  its  length  equal  to  two  and  a 
half  abdominal  segments ;  first  joint  of  the  stylets  minute ;  the  second 
lance-linear,  each  division  being  as  long  as  the  telson ;  extremities  pointed ; 
margins  parallel  and  setigerous. 

The  ridge  and  proportions  of  the  parts  are  given  by  the  figures  on 
plate  38. 

LoeaUty.  This  form,  like  most  of  the  known  crustaceans  of  the  Amer- 
ican Coal  Measures,  was  obtained  from  the  strata  in  Grundy  county. 
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Illinois.  It  may  be  sought  for  at  the  following  localities  in  Indiana*: 
Patty's  Ford  of  Little  Vermillion  River  and  Brouilletfs  Creek  in  Ver- 
mOlion  county,  and  Durkee*s  Ferry,  Vigo  county,  in  iron  stone  concre- 
tions, above  coal  L. 

Genus  Anthrapaljemon,  Salter. 

AvTHRAFALuiacoN  ORACiLid^  Meek  and  Worthen. 

PlaU  38,  figs.  8  ant/  9. 

.   AifTHBAPALiBiioN  GRACILIS,  M,  and  W»  18d5.    Proc.  Aead.  Nat.  8cU  Phil.,  p.  50. 
Anthrapal^mok  gracilis,  M.  and  W.,  18ft6.    III.  Geol.  Rep.,  ir,  p.  407,  pi:  XXXIl,  fig.  4. 
Antbrapaljbiio^  gracilis,  M,  and  VK,  186S.    111.  (^ol.  Rep.,  Ill,  p.  554. 

Successive  discoveries  caused  Meek  and  Worthen  to  modify  somewhat 
their  first  published  descriptions  of  this  species.  The  following  is  a  sum- 
mary of  its  structure,  as  now  understood : 

Carapace  oblong  in  form,  as  seen  by  upper  view,  but  the  lateral  mar- 
gins iare  gently  convex,  the  two  extremities  truncated,  and  its  breadth 
about  equal  to  three-fourths  its  length.  Its  lateral  margins,  forward  of 
the  middle,  each  bear  six  small,  sharp  serrations,  like  those  on  the  type  of 
the  genus,  but  they  are  sharper,  and  are  directed  more  obliquely  forward. 
At  each  antero-lateral  angle,  there  is,  also,  as  in  the  type  species,  a  larger, 
projecting,  short  spine,  but  this  is  turned  more  directly  forward.  The 
outer  pair  of  antennae  moderately  stout ;  each  peduncle  with  three  joints, 
which  diminish  gradually  in  size,  the  first  longer  than  wide,  and  the  other 
two  of  nearly  equal  length  and  breadth,  and  obliquely  articulated.  The 
flagellnm  is  narrower  at  its  base  than  the  lAst  joint  of  the  peduncle,  com- 
posed of  very  short  segments,  about  one-third  as  long  as  wide.  The  an- 
tennae were  long  and  slender,  but  their  full  length  is  not  known.  Inner 
antennae  unknown.  ^ ' 

The  figures  on  plate  38  give  the  shape  and  proportions  of  all  the  other 
known  parts. 

Locality,  The  only  known  examples  are  from  Grundy  county,  Dlinois, 
but  the  species  may  be  sought  for  in  the  same  localities  as  the  foregoing. 
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ihi  \m}j^'  28,  line  20,  from  top,  for  dicliotonious,  from  the  hnne,  read  dichotomoas 
frtim  thi'  1iji8e. 

Uii  prtift"  ;jl,  line  7,  from  base,  for  Dictyophyllum,  read  Dictyophyttin. 

i  hi  p:ii,T  33,  line  5,  from  base,  for  plate  I,  read  plate  B. 

( »ij  p/igv  33,  line  6,  from  base,  for  plate  B,  fig.  78,  rea«l  plate  1,  fig.  8. 

*>ri  ]tf*K<'  '^i  line  6,  from  haw,  for  five  cm.  read  five  m. 

t  »n  pup^  36,  line  7,  from  baw,  for  one  cm.  read  one  m. 

U(]  ;mK4^>  51,  line  1,  from  top,  for  a  Ettinghauaen,  read  d'  EttingHhauaen. 

i>n  jiEi^r  55,  line  3,  from  batte,  for  rachis,  read  coRta. 

(Its  pa^e  57,  line  5,  from  base,  for  Prardeei,  rea<l  Pardeei^ 

tin  piLgi'  58,  line  12,  from  base,  for  all  linear,  read  oblong  or. 

On  |ia^  75,  line  9,  fn>m  t(»p,  strike  c»ut,  and. 

On  pnp*'  77,  line  16,  from  top,  for  they,  read  then. 

i  hi  pnip*  101,  line  15,  from  bni«e,  for  gracilia,  read  gracile. 

Un  pam-  78,  line  12,  from  lop,  for  Ix'pidendnm,  read  liepidodendron. 

I  hi  pHKi'  loo,  line  1,  from  bane,  for  ature,  read  mutuit". 
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188  EXPLANATION   OP   PLATES. 


PLATE  1. 

Figs.  1,  6,  7.    Buthotrephis  gracilis,  Hall,  p.  30. 
Figs.  2,  3.    OldhaiDia  radiata,  Forbes,  p.  28. 
Fig.  4.    Sphaerococcites  Sharayanus,  Goepp.,  p.  28. 
Figs.  5,  6a.    Palaeophycus  gracilis,  Lesq.,  p.  33. 
Fig.  8.     Aflterophycus  simplex,  Lesq.,  p.  33. 
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100  BXPLANATION   OF  PLATBS. 


PLATE  2. 


Fig.  1.  TaonuruB  Colletti,  Leeq.,  p.  35. 

Fig.  2.  Taonuras  marginatiiB,  Lesq.,  p.  35. 

Fig.  3.  Harlania  Hallii,  €K>epp.,  p.  29. 

Fig.  4.  Asterophjcas  Coxii,  Lesq.,  p.  34. 

Fig:  5.  ConoetychuB  omains,  Lesq.,  p.  35. 
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192  (  EXPLANATION    OF   PLATBS. 


PLATE  3. 

Fig.  1.     Psilophyton  gracillimnm,  Lesq.,  p.  78. 
Fig.  2.    Pailophylon  cornutum,  Lesq.,  p.  78. 
Figs.  3,  36.    Annularia  Roemingeri,  Lesq.,  p.  45. 
Fig8.  4-6a.    Sphenophyllum  primsevumy  Lesq.,  p.  47. 
Figs.  7,  7o,  8.    Protostigma,  Lesq.,  p.  78.? 
Fig.  9.    Eopteris  Morieri,  Sap.,  p.  48. 
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194  BXPLANATIOX  OF   PL11TB3. 


PLATE  4. 

Fig.  1.  Equisetum  Bjrlvaticam,  Linn.,  p.  41. 

Fig.  2.  Fragment  of  rhizome  with  bud  of  a  iten,  p.  4L 

Fig.  3.  Rhizome  of  Equisetum  irith  tubercles,  p.  36. 

Fig.  4.  Vertical  section  of  a  fruiting  spike  of  B(|uiitetBni,  p.  41. 

Fig.  5.  Transverse  section  of  the  same,  p.  41. 

Fig.  6.  Fruiting  spike  of  Asterophyllites,  p.  4L 

Figs.  7,  8.     Fruiting  spikes  of  Macrostachja,  p.  47. 

Fig.  9.  Vertical  section  of  spike  of  f.  6,  p.  41. 

Fig.  10.    Transverse  section  of  the  same,  p.  41. 
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EXPLANATION   OF   PLATES. 


PLATE  5. 

Fig.  1.  Calamites.     Mode  of  growth  under  ground,  p.  37. 

Fig.  2.  Calamites  cannseformis,  Scbloth.,  p?40. 

Fig.  3.  Stem  of  Asterophyllites  graciliB,  Lesq.,  p.  43. 

Fig.  4.  Calamites  Cistii,  Brgt.,  p.  40. 

Fig.  5.  Calamites  Suekowii,  Brgt.;  transverne  section  showing  diaphragm,  p.  39. 

Fi  .  6.  Calamites  approxiraatus,  Schloth.,  or  Calamodendron,  p.  40. 

Fig.  7.  Fragment  of  a  stem  of  Macrofttachya,  Schp.,  p.  47. 
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198         .  EXPLANATION    OF   PLATES. 


PLATE  6. 

Figs.  1,  2.    Afiterophyllites  equisetiformis,  Schloth.,  p.  42. 
Fig.  3.     Volkmannia  fertilis,  Lesq.,  p.  42. 
Figs.  4-6.    Asterophyllites  gracilis,  Lesq.,  p.  43. 
Fig.  7.    Asterophyllites  fasciculatus,  Lesq.,  p.  43. 
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200  EXPLANATION    OP   PLATES. 


PLATE  7. 

Figs.  1,  2.     Annularia  longifolia,  Brgt.,  p.  44. 

FigB.  3-5.     Annularia  sphenophylloides,  Brgt.,  p.  45. 

Figs.  6-7o.    Sphenophyllum  Schlotheimii,  Brgt.,  p.  46. 

Fig.  8.    Sphenophyllum  filiculme,  Lesq.,  p.  46. 

Fig.  9.    Sphenophyllum  ohlongifolium,  Germ.,  p.  47. 

Figs.  10,  11.    Sphenophyllum  longifolium,  Germ.,  p.  46. 
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202  EXPLANATION    OF   PLATBS. 


PLATE  8. 

Fig.  J.    A  Fern  tree,  p.  49. 

Fig.  2.     Bushy  ferns  with  dichotomous  divisions,  p.  49. 

Fig.  3.    Bushy  ferns  with  pinnate  fronds. 

Fig.  4.     Cordaites?,  copied  from  Brongniart,  like  figs.  1-3. 

Figs.  5, 6,  7.    Leaf  scars  of  a  living  tree-fern,  p.  73. 

Fig.  8.    Stemmatopteris  polita,  Lesq.,  p.  74. 

Fig.  9.    Stemmatopteris  angustata,  Lesq.,  p.  74. 

Fig.  10.     Stemmatopteris  mimica,  Lesq.,  p.  74. 

Fig.  11.    Megaphytum  protuberans,  Lesq.,  p.  75. 
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204  EXPLANATION   OF   PLATES. 


PLATE  9. 

Fig.  1.  Whittlesey  a  elegans,  Newby,  p.  97. 

Fig.  2.  Megalopteris,  Daws.,  p.  55. 

Fig.  3.  Archaeopteris  minor,  Lesq.,  p.  71. 

Fig.  4.  Archaeopteris  obtusa,  Lesq.,  p.  71. 

Fig.  5.  Eremopteris  marginata,  Andr.,  p.  70. 
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206  EXPLANATION    OF   PLATES. 


PLATE  10. 

Fig.  1.     Neuropteris  angastifolia,  Brgt.,  p.  52. 
Fig.  2.    Neuropteris  fimbriata,  Lesq.,  p.  52. 
Fig.  3.    Neuropteris  Elrodi,  Lesq.,  p.  52. 
Fig.  4.     Neuropteris  Loflchii,  Brgt,  p.  52. 
Figs.  5,  6.     Neuropteris  calloea,  Lesq.,  p.  52. 
Fig.  7.    Cyclopteris  elegaus,  Lesq.,  p.  52. 
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208  EXPLANATIOH   OP   PLATES. 


PLATE  11. 

Fig.  1.    Odontopteris  affinis,  Lesq.,  p.  54. 
Fig.  2.    Odontopteris  Schlotheimii,  Brgt.,  p.  54. 
Figs.  3,  3a.     Dictyopteris  obliqua,  Bunb.,  p.  55. 
Fig.  4.    Dictjopterifl  rubella,  Lesq.,  p.  55. 
Fig.  5.    Taeniopteris  Smithii,  Lesq.,  p.  56. 
Fig.  6.     Lescuropteris  adiantites,  Lesq.,  p.  57. 
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210  EXPLANATION   OF   PLATES. 


PLATE  12. 

Fig.  1.    Calligtericlium  Sullivantii,  Lesq.j  p.  57. 

Figs.  2,  2a.    Alethopteris  Serlii,  Brgt.,  p.  58. 

Figs.  Sf  3a.    Pseudopecopteris  maricata,  Brgt,  p.  61. 
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212  EXPLANATION  OP   PLATES. 


PLATE  13. 

Figs.  1,  la.  Callipteridium  ragosam,  Losq.,  p.  67. 
Fig.  2.  Pseudopecopteris  Newberry i,  Lesq.,  p.  61. 
Figs.  3,  36.     Pecopteris  unita,  Brgt,  p.  63. 
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214  EXPLANATION   OP   PLATES. 


PLATE  14. 


Figs.  1,  la.    Pecopteris  vestita,  Lesq.,  p.  65. 
Fig.  2.    Pecopteris  Strongii,  Lesq.,  p.  64. 
Fig.  3.    Pecopteris  solida,  Lesq.,  p.  65. 
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216  BXPLANATION    OP   PLATES. 


PLATE  15. 

Fign.  I J  2.    Sphenopteris  mixta,  Lesq.,  p.  67. 
Fig.  3.    Sphenopteris  Britteii,  Lesq.,  p.  68. 
Fig8.4,  4(1.    Sphenopteris  tridactylites,  p.  69. 
Fig.  5.    Eremopteris  artemisiaefolia,  Brgt.,  p.  69. 
Fig.  6.    Triphjllopteris  Gheathami,  Lesq.,  p.  70. 
Fig.  7.    Rhacophyllum  corallinum,  Lesq.,  p.  73. 
Fig.  8.    Rhacophyllum  adnascens,  LI.  &  flutt.,  p.  73. 
Fig.  9.    Khacophyllum  inflatum,  Lesq.,  p.  73. 
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218  EXPLANATION    OP   PLATES. 


PLATE  16. 

Figs.  1-3.    St€m  and  branches  of  living  Lycopod,  p.  76. 

Figs.  4,  4a.     Axillary  ^poranges  of  Lycopods,  tig.  enlarged,  p.  76. 

Figs.  6-66.     Macrosporefl  or  spores  of  Lycopodiacete,  p.  76. 

Figs.  6,  7.     Lepidostrobus  omatus,  Park.,  showing  sporanges,  p.  S 

Fig.  8.     Lepidostrobus  eblongifolius,  Lesq.,  p.  83. 

Fig.  9.    Lepidophyllum  hastatum,  Lesq.,  p.  82. 

Figs.  10, 11.    Lepidophyllum,  species,  p.  83. 
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220  EXPLANATION   OF   PLATES. 


PLATE  17. 

Fig.  1.  Eestored  tree  of  Lepidodendron,  reduced  size,  p.  77. 

Fig.  2.  Lepidostrobos  hastatus,  Leaq.,  p.  82. 

Fig.  3.  Lepidodendron  rimosum,  St,  p.  80. 

Figs.  4-46.     Lepidodendron  Brittsii,  Lesq.,  p.  80. 

Fig.  5.  Lepidodendron  diplotegioides,  Lesq.,  p.  81. 

Fig.  6.  Lepidodendron  aculeatum,  St.,  p.  80. 

Fig.  7.  Lepidodendron  distans,  Lesq.,  p.  80. 
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222  EXPLANATION    OP  PLATBS. 


PLATE  18. 

f*ig.  1.  Halonia  flexuosa,  QoId.,p.  87. 

Fig.  2.  Ulodendron  elongatum,  Lesq.,  p.  85. 

Fig.  3.  Ulodendron  minus,  LI.  &  HutL,  p.  85. 

Fig.  4.  Halonia  tuberculata,  Brgt,  p.  87. 

Fig.  5.  Lepidophloiofi  macrolepidotus,  Lesq.,  p.  90. 

Fig.  6.  Lepidophyllum  acuminatum,  Lesq.,  p.  89. 

Figs.  7,  8.     Fructifications  of  Lepidophloioe,  p. '89. 
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224  EXPLANATION    OP   PLATES. 


PLATE  19. 

Figs.  1,  2.    Stigmaria  ficoides,  Brgt.,  p.  95. 

Fig.  3.    Stigmaria  ficoides  var.  undolata,  Goepp.,  p.  96. 

Fig.  4.    Stigmaria  ficoides  var.  stellata,  Lesq.,  p.  96. 

Fig.  5.    Stigmarioides,  Lesq.,  p.  96. 

Fig.  6.    Sigillarioides,  Lesq.,  p.  96. 

Figs.  7,  8.    Enorria  imbricata,  St,  p  86. 
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226  EXPLANATION   OF   PLATES. 


PLATE  20. 


Fig.  1.  Sigillaria  marginata,  Lesq.,  p.  93. 

Fig.  2.  Sigillaria  Lacoei,  Lesq.,  p.  94. 

Fig.  3.  Sigillaria  Pittstoniana,  Lesq.,  p.  9< 

Fig.  4.  Sigillaria  ovalis,  Ijcaq.,  p.  93. 

Fig.  5.  Sigillaria  Sillimanni,  Brgt.,  p.  93. 

Fig.  6.  Sigillaria  reticulata,  Lesq.,  p.  92. 
Figs.  7-8.    Sigillaria  Brardii,  Bi^t.,  p.  92. 
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228  JSKPLANATION    OF    PLATB?. 


PLATE  21. 

Fig0.  1-16,  4.    Cordaites  costatu9,  I^esq.,  p.  99. 

Fig.  2.    Cordaites  Lacoei,  Lesq.,  p.  99. 

Fig.  3.     Artisia  or  woody  cylinder  of  C.  serpen*,  Lesq.,  p.  100. 

Fig.  6.    Cordaicarpus  Gutbieri,  Gein.,  p.  101. 

Figs.  6,  7.    Cordaicarpus  apiculatife,  Lesq.,  p.  101. 

Fig.  8,  Sd,    Taeniophyllum,  I^esq.,  p.  101. 


Digitized  by 


Google 


Indiana  Geol.  Survey. 


VEGETABLE  PALEONTOLOGY. 


Plati21. 


iigitiyfifi  hy  VII..  7 %_f !i 


U 


Digitized  by 


Google 


Digitized  by 


Google 


230  EXPLANATION    OF   PLATES. 


PLATE  22. 

Fig.  1.    Cardiocarpus  Harvey i,  Lesq.,  p.  102. 

Fig.  2.    Cardiocarpus  ingens,  Le«q.,  p.  103. 

Figs.  3,  4.    Cardiocarpus  ovalis,  Jje^.,  p.  103. 

Figs.  5,  5ac    Cardiocarpus  mamillatUR,  Lesq.,  p.  103. 

Fig.  6.    Rhabdocarpus  insignis,  Lesq.,  p.  104. 

Fig.  7.    Rhabdocarpus  Mansfieldi,  Lesq.,  p.  104. 

Figs.  8y  9.     Rhabdocarpus  multistriatus,  Presl.,  p.  104. 

Fig.  10.    Rhabdocarpus  Howardi,  Lesq.,  p.  104. 

Fig.  11.    TrigoDocarpus  Dawesii,  LI.  &  H.,  p.  105. 

Fig.  12.    TrigoDocarpus  subcylindricus,  Lesq.,  p.  106. 

Fig.  13.    Cardiocarpus  (Samaropsis)  simplex,  Lesq.,  p.  103. 

Fig.  14.    Cardiocarpus  bicornutus,  Lesq.,  p.  103. 

Fig.  15.    Carpolithes  bicuspidatus,  St.,  p.  105. 

Fig.  16.    Carpolithes  orbicularis,  Newby,  p.  105. 

Figs.  17,  17a.    Carpolithes  regularis  (?),  St.,  p.  106. 

Fig.  18.    Carpolithes  arcuatup,  Lesq.,  p.  106. 
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232  EXPLANATION    OF    PLATES. 


PLATE  23. 
FusuLiNA  CYLiNDRiCA,  Fucher. 

Page  116. 

fig.  1.     A  group  of  specimens;  natural  size.* 

Fig.  2.     An  elongate  example;  enlarged. 

Fig.  3.     A  transverse  section;  still  more  enlarged. 

Zaphrentis  Gibsonii,    White, 

Page  117. 

Fig.  4.     Lateral  view;  natural  sixe. 

Fig.  5.     Another  view  of  the  same  specimen;  showing  the  calyx. 

LoPHOPHYLLiTi  PROLiFERCM,  McChmtey, 

Page  Ua 

Fig.  6.     Ijiteral  view,  natural  siie;  the  upper  part  has  been  compre^tted,  making 

it  ap()ear  much  wider  than  natural. 
Fig.  7.     Another  example,  with  the  calrx  bn>ken  awav,  showing  the  columella.     * 

AXOPHYLLUM  Rri>is,    WhiU  itni  St,  Jtihn, 

Page  lis. 

Fig.  8.     lateral  view  of  a  sm.nll  example;  natural  -iiie. 
Fig.  9.     View  of  the  calrx  of  the  *ame  example. 

CaMPv>PHYLLI'M    Tt>RVlIlV,    Otn^n. 

Pjjce   lli>- 

Fig.  l*K     Lateral  view;  natural  ^i«e 

Fijf*.  II  and  1-.     Two  \bi'*>.«»l  an 'Uur  t'\  %i»t!  It-. 
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234  EXPLANATION    OF   PLATES. 


PLATE  24. 

Productus  semireticulatus,  MaHin. 

Page 

Figs.  1,  2  and  3.    Three  different  views  of  a  moderately  large  example;  natural 
size. 

Productus  costatus,  Soiverby. 

Page  124. 

Figs.  4,  5  and  6.    Three  different  views  of    an  ordinary -sized  example ;    natural 
size. 

Productus  Nebrascensis,  Owen. 

Page  122. 

Figs.  7,  8  and  9.    Three  different  views  of  an  unusually  perfect  example;  natural 
size. 

Productus  longispinus,  Sowerby. 

Page  127. 
Figs.  10  and  11.     Dorsal  and  ventral  views  of  an  usual  form;  natural  size. 
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236  EXPLANATION    OF   PLATES. 


PLATE  25. 

Productus  symmetricus,  McChesney. 

Page  123. 
Figs.  1  and  2.    Two  diflferent  views  of  a  large  example ;  natural  size. 

Productus  costatus,  Sotverby. 

Page  124. 
Figs.  3,  4  and  5.    Three  different  views  of  a  large  example ;  natural  size. 

Rhynchonella  Uta,  Marcou. 

Page  132. 

Fig.  6.     Ventral  view;  enlarged. 

Choneteb  Verneuiliana,  Norwood  and  R^attmi. 

Page  128. 
Fig.  7.     Ventral  view  of  a  specimen  of  ordinary  shape;  natural  size. 
Fig.  8.     A  similar  view  of  another  example,  with  mucronate  niden. 

DisciNA  CONVEXA,  Skumard. 

Page  121. 
Fig.  9.    Upper  view  of  the  upper  valve;  natural  size. 

DisciNA  NrrroA,  Phillips, 

Page  121. 
Fig.  10.     A  piece  of  rock  showing  several  examples  of   both   upper  and  under 
valves ;  natural  size. 

Synocladia  bisebialls.  Swallow. 

Page  138. 
Fig.  11.    A  fragment  of  a  frond,  obverse  side;  natural  sice. 
Fig.  12.    Part  of  the  same  specimen  enlarge^l. 
Fig.  13.     A  small  portion,  more  enlarged^  showing  the  poriferoui*  side. 

LmouLA  umbonata,  Cox. 

Page  12a 
Fig.  14.     A  single  valve;  natural  size. 
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PLATE  26. 

Productus  Cora,  dH  CMngny, 

Page  12«. 
Figs.  1  and  2.    Opposite  views  of  an  ordinary  example ;  natural  size. 
Fig.  3.    Ventral  view  of  another  example,  showing  finer  radiating  striae,  and  the 
absence  of  spines  on  the  general  surface. 

Hemipronites  CRA8SUS,  Meek  &  Hayden, 

Page  129. 
Figs.  4  and  5.    Ventral  and  dorsal  views;  natural  size. 
Figs.  6  and  7.    Exterior  and  interior  view8  of  a  ventral  valve. 
Figs.  8  and  9.     Exterior  and  interior  views  of  a  dorsal  valve.  • 

Fig.  10.    Interior  view  of  a  larger  ventral  valve. 
Fig.  11.     Interior  view  of  a  lai*ger  dorsal  valve. 

Meekella  striatocostata,  Oox. 

Page  130. 
Fig.  12, 13  %nd  14.    Three  different  views  of  an  adult,  but  not  a  very  ventricose 
example;  natuural  size 

Syntrielasma  hemiplicata,  Hall. 

Page  131. 
Figs.  15,  16,  17  and  18.    Four  different  views  of  an  adult  example ;  natural  size. 
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• 


PLATE  27. 

Productus  punctatus,  Martin, 

Page  124. 
Figs.  1,  2  and  3.    Three  different  views  of  a  large  example ;  natural  size. 

Spirifer  lineatus,  Martin. 

Page  133. 
Figs.  4,  5  and  6.    Three  different  views  of  a  medium  sized  example ;  natural  size. 

PoLYPHEMOPSis  NTriDULA,  Meek  it  W<yrthm. 

Page  163. 
Figs.  7  and  8.    Opposite  lateral  views ;  natural  size. 

NUCULA  VENTRIC08A,    HoU. 

Page  146. 
Figs.  9  and  10.    Kight  side  and  dorsal  views;  natural  size. 
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PLATE  28. 

Pinna  peracuta,  Shumard. 

Page  145. 
Fig.  1.    Right  side  view  of  au  internal  cast;  natural  size. 
Fig.  2.     Dorsal  view  of  the  same.    The  specimen  has  been  distorted  by  pressure. 

AvicuLOPECTEN  OCCIDENTALI8,  Shumard, 

Page  143. 
Fig.  3.    Exterior  view  of  a  left  valve ;  natural  size. 

Lima  retifera,  Shumard. 

Page  138. 
Fig.  4.    A  natural  cast  of  both  valves;  natural  size. 

AvicaLOPEcrEN  CARBONtPERaa,  Stevens. 

Page  144. 
Fig.  5.    Ldft  valve;  natural  size. 
Fig.  6.    Right  valve  of  another  example. 

Entolium  avicdlatum,  Swallow, 

Page  142. 
Pig.  7.     Left  valve;  natural  size. 

Fig.  8.    Interior  view  of  a  left  valve^  showing  the  structure  of  the  parts  about  the 
hinge. 
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PLATE  29. 

Myalina  8UBQUADRATA,  Shumard. 

Page  140. 
»        Fig.  1.     Exterior  view  of  a  right  valve;  natural  size. 
Fig.  2.     Interior  view  of  the  same  example. 

Myalina   recurvirostris,  Meek  arid  WarUieti. 

Page  140. 
Fig.  3.     Exterior  view  of  a  le^t  valve;  natural  sire. 
Fig.  4.     Interior  view  of  the  same  example 
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PLATE  30. 
Myalina  8UBQUADRATA,  Shumord, 

Page  140. 
Fig.  1.     Exterior  view  of  a  right  valve,  with  an  unusually  narrow  base;  natural 

size. 
Fig.  2.    Interior  view  of  the  same  example. 

ScfflzoDUS  Wheeleri,  SioaUow. 

Page  147. 
Fig.  3.    Exterior  view  of  a  left  valve ;  natural  size. 
Figs.  4  and  5.    Li^teral  and  dorsal  views  of  a  large  internal  cast ;  natural  siae. 

Myalina  (?)  Swallovi,  McChemey, 

Page  141. 
Fig.  6.     Exterior  view  of  a  left  valve ;  natural  size. 
Fig.  7.     A  similar  view  of  a  right  valve. 
Fig.  8.     Dorsal  view  of  another  example. 

AvicuLOPECTEN  INTERLINEATU8,  Meek  and  Wotihen, 

Page  146. 
Fig.  9.     Exterior  view  of  a  left  valve;  natural  size. 

EuMiCROTis  Hawni,  Meek  and  Hayden, 

Page  142. 
Fig.  10.     Exterior  view  of  a  left  valve;  natural  size. 

MoNOPTERiA  OIBB08A,  Meek  and  Worthen, 

Page  139. 
Fig.  11.    Exterior  view  of  a  right  valve;  natural  size. 
Fig.  12.    Ajiterior  view  of  another  right  valve;  showing  the  lunnle. 
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PLATE  31. 

Allorisma  subcuneata,  Meek  and  Hayden. 

Page  148. 
Fig.  1.    Lateral  view  of  the  right  valve;  natural  size. 
Fig.  2.    Similar  view  of  the  left  valve  of  a  smaller  example. 
Fig.  3.    Dorsal  view  of  the  same  example. 

Edmondia  Aspenwallensis,  Meek. 

Page  148. 
Fig.  4.    Lateral  view  of  the  right  side ;  natural  size. 
Fig.  5.     Dorsal  view  of  the  same  example. 

Clinopistha  radiata,  HaU, 

Page  147. 
Figs.  6  and  7.    Left  side  and  dorsal  views;  natural  sire. 

NUCULANA   BELLI8TRIATA,  Stevem. 

Page  146. 
Figs.  8  and  9.     Left  side,  and  dorsal  views ;  somewhat  enlarged. 
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PLATE  32. 

Pleurotomaria  sPHiERULATA,  Qmrod. 
Page  161. 
Fig.  1.     Lateral  view  of  a  large  example ;  natural  size. 
Figs.  2  and  3.    Apical  and  lateral  view^  of  a  smaller  example. 

Plkurotomaria  tabulata,  Hall, 

Page  160.         ' 
Figs.  4  and  5.    Opposite  lateral  views  of  a  large  example;  nataral  size. 

POLYPHEMOP8I8  ? 

Page  164. 
Fig.  6.     Lateral  view;  natural  size. 

Pleurotomaria  tubiniformis,  Meek  and  Warthen, 
Page  160. 
Fig.  7.     Lateral  view;  natural  size;  the  apex  a  little  broken. 
Fig.  8.     Opposite  view  of  another  example. 

Polyphemopsls  peracuta,  Meek  and  Worihen, 
Page  163. 
Figs.  9  and  10.    Opposite  lateral  views;  natural  size. 

EUOMPHALUS   RUG08U8,    HoU, 
Page  161. 
Fig.  11.     Under  view  of  a  large  example;  natural  pize. 
Fig.  12.     Upper  view  of  another,  smaller  example. 

Naticopsis  Wheeleri,  Suxdlow, 
Page  162. 
Fig!>.  13  and  14.    Opposite  lateral  views  of  a  large  example;  natural  size. 

Platyceras  Nebrascense,  Meek. 
Page  159. 
Figs.  15  and  16.     Opposite  lateral  views  of  a  specimen  attached  to  a  fragment  of 
a  crinoid  stem;  natural  size. 

Terebratula  bovidens,  Morton, 
Page  137. 
Figs.  17,  18  and  19.     Ventral,  dorsal  and  lateral  views;  natural 'size. 

Orthis  Pecosi,  Marcmi, 
Page  129. 
Figs.  20,  21  and  22.     Dorsal,  ventral  and   posterior  views  of   a  large  example; 
natural  size. 

Spirifer  (Martinia)  planoconvex  a,  Shtmard. 
Page  134. 
Fig.  23.     A  dorsal  view;  natural  nize. 
Fig.  24.     An  outline  lateral  view. 
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PLATE  33. 

Bellerophon  CRAS8U8,  Meek  and  Warthen, 

Page  157. 
Figs.  1  and  2.    Apertural  and  lateral  views;  natural  size. 

Bellerophon  nodocarinatus,  Hcdlf 

Page  159. 
Figs.  3,  4  and  5.    Three  different  views  of  a  large  example;  natural  size. 

Bellerophon  carbonarius,  Cox, 

Page  158. 
Figs.  6,  7  and  8.    Three  different  views  of  Professor  Cox's  type  specimen  ;  natural 
size.     The  specimen  has  been  a  little  distorted  by  pressure. 

Bellerophon  percarinatus,  Conrad. 

Page  168. 
Figs.  9,  10  and  11.    Three  different  views  of  an  example,   showing  the  lateral  as 

well  as  the  median,  nodular  ridges. 
Figs.  12,  13  and  14.    Three  different  views  of  another  example,  without  the  lateral 

ridges.    The  figures  of  both  examples  are  of  natural  size. 
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PLATE  34. 
Macrocheilus  (Soleniscus?)  ponderosus,  StvaUowf 

Page  156. 

Figs.  1  and  2.  Opposite  views  of  a  large  example  from  Southern  Iowa;  natural 
size.  The  outer  lip  and  a  portion  of  the  columella  have  been  broken 
away,  so  that  the  obtuse  fold  of  the  latter  is  not  clearly  shown. 

Macrocheilus  (Soleniscus?)  primigenius,  Conrad. 

Page  157. 

Fig.  3.  Lateral  view;  natural  «ize;  showing  the  columella  bearing  only  a  trace  of 
a  fold. 

Macrocheilus  (Soleniscus)  fusiformis,  Hall. 

Page  154. 

Figs.  4  and  5.     Opposite  lateral  views ;  natural  size. 

Fig.  6.  A  similar  view  of  another  example.  The  outer  portion  of  the  last  volu- 
tion has  been  much  broken  away,  showing  the  callus-thickened  inner 
lip,  the  columellar  fold,  and  broad  groove  more  distinctly  than  they 
are  shown  in  fig.  5. 

Macrocheilus  (Soleniscus)  Newberryi,  HalL 

Page  153. 

Figs.  7  and  S.  Oppo-^ite  lateral  views;  natural  ^i/e.  The  outer  portion  of  the 
last  volution  has  been  much  broken  away. 

SoLENlsci\s  PLANl'S,    White. 

Page  153. 

Figs.  9  and  10.  Opposite  lateral  views  of  an  lllim>is  example  ;  natural  size.  This 
form  is  perhaps  i<lentical  with  *S.  Seirht nyi 
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PLATE  34— Continued. 

MACKOCBEILUd  (SoiJSNiaCUB)  YENTRICOSUS,  Hall 

Page  155. 

FigBL  II  »Bd  12.  Oppofiite  lateral  views;  natural  size.  The  former  of  a  nearly  per- 
leet  example,  and  the  latter  broken  so  as  to  show  the  columellar  fold 
and  bn>ad  groove. 

Macrocheilus  (Soleniscus)  Tex  anus,  Shnmard? 

Page  165. 
Figs.  IS  and  14.     Opposite  lateral  views  of  an  Illinois  example;  natural  size. 

Macrocheilus  (Soleniscus?)  medialis,  Meek  and  Worthen. 

Page  161. 

Flg^.  15  and  16.  Opposite  lateral  views;  natural  size.  This  example  shows  the 
thickened  inner  lip,  but  no  proper  fold. 

Macbocheilus  (Solkniscus)  paludin^formis,  Hall, 

Pago   154. 

Fig.  17-  Lateral  view ;  natural  size.  The  ouUr  portion  of  the  last  volution  re- 
moved, phowing  the  fold  and  groove. 

Solenkcus  TYPICU8,  Meek  and  Worthen. 

Page  1^2. 
Yig^  IS  and  19.    Copies  of  Meek  &  Worlhen's  original  figures. 
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PLATE  35. 

Nautilus  Missouriensis,  jSwa//oir? 

Page  1((6. 

Figs.  1  and  2.     Lateral  and  peripheral  views  of  «  fragment;  natural  size. 

Spirifer  cameratus,  MortoH, 

Page  132. 

Fig.  3.  ,  Dorsal  view  of  a  large  example ;  natural  site.  ' 

Figs.  4  and  5.     Ventral  and  dorsal  views  of  another  example;  natural  size. 

Athyris  subtilita,  IlaU. 

Page  136. 

Figs.  6,  7  and  8.     Ventral,  dorsal  and  lateral  views  of  a  typical  example;  natural 

size. 
Fig.  9.     Dorsal   view   of   another  larger  example,  sbowiug  two  under  valves  of 

Oinnia  modesta  (page  121). 

Retzla  MoRMONn,  Marcmi, 

Page  136. 
Figs.  10,  11  and  12.     Ventral,  dorsal  and  lateral  views;  enlarged  one  quarter. 

Spiriferina  Kentuckensis,  Shianard. 

Page  ^35. 

Figs.  13  and  14.     Ventral  and  posterior  views;  natural  size 
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PLATE  36. 

Nautilus  Winslovi,  Meek  and  Wortken, 

Page  165. 

Figs.  1  and  2.     Lateral  and  peripheral  views  of  the  type  specimen ;  reduced  aboot 
one-sixth. 

Nautilus  Forbesianus,  McChmwy. 

Page  165. 

Figs.  3  and  4.    Lateral  and  peripheral  examples  of  the  inner  volutions ;  natnral 
size. 

Orthoceras  Rushensis,  MeChesney, 

Page  164. 

Fig.  5.     Lateral  view  of  a  fragment ;  natural  size.     Four  lower  valves  of  Omnia 
modesta  (page  121)  are  seen  attached  to  this  specimen. 

Naticopsis  nana,  Meek  and  W(yrtJien, 

Page  162. 
Figs.  6  and  7.    Opposite  lateral  views;  enlarged  to  about  two  diameters. 
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J^LATK  37. 

EuRYPTERia  (Antiirac'uneote.s)  Mazoneksis,  Meek  and   Worthen. 

Page  1(5S. 

Fig.  1.     Outline   view  of  the  type  specimen,  bo  far  aK  it  han  \ye^n  determined ; 
natural  size, 
a,  fe,  c.     Oushed  and  broken  legn,  as  they  appear  in  the  Bpecimens; 

the  divisions  shown  are  not  all  natural  articulations. 
A,  A,  hy  hy  h.     Impressions  of  the  angular  ends  of  the  dorsal  half  of  the 

body  segments. 
m.     Hypostoma,  in  place. 
p.     One  of  the  paddles  or  swimming  feet  imperfect.     The  division  at 

i  seems  to  be  a  natural  joint. 
gg.     Basal  segments  of  the  swimming  feet. 

M.     Medial  appendage  of  the  operculum  ;  1,  2,  3  are  itw  apparent  ar- 
ticulations; J,  X,  and  <,  /,  are  lateral  alBe  of  the  operculum. 
o.     Position  of  tiie  mouth. 
F^ig.  2.     Hypostoma  enlarged,  to  show  surface  sculpturing. 

Fig.  3.  A  portion  of  basal  segment  of  swimming-foot  enlarged  to  show  surface 
sculpturing. 

A(\\NTH0TEIJ80N  Stimpsoni,  Meek  and    Worthen. 

Page  17t). 

Fig.  4.  Dorsal  view  of  a  small  specimen,  a  little  enlarged,  showing  the  telson  and 
stylets  spread  out  horizontally;  also  the  legs  similarly  extended. 

P^'ig.  5.  Another  example,  eulargetl  three  diameters;  the  animal  having  been 
laterallv  tlattene*!. 
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PLATE  38. 

PALiKOCARis   TYPUS,  Meek  and  Woriheii. 

Page  179. 

Fig.  1.  View  of  the  type  s]>ecimen,  enlarged  to  three  diameter?.  The  specimen 
has  been  comprtpsed  a  little  obliquely,  so  as  to  make  the  body  seg- 
mentii  a  little  too  deep. 

Fig.  2.  The  telson,  caudal  lamella*,  and  last  abdominal  pegment;  all  enlarged  to 
four  diameters. 

Fig.  3.     An  abdominal  swimming  foot,  enlarged  to  four  diameters. 

AcANTHOTELSON  EvENi,  Meek  and  WorUien, 

Page  177. 

Fig.  4.  Dorsal  view ;  natural  size ;  showing  the  body,  stylets  and  telson. 

Fig.  5.  Another  example,  that  has  been  laterally  crushed. 

Fig.  6.  Diagramatic  view;  showing  anterior  leg-^  and  antenna?;  enlarged. 

Fig.  7.  One  of  the  stylets  of  Fig.  4  ;  enlarged. 

Anthrapal.^:mon  gracills,  Meek  and  Worthen. 

Page  180. 

Fig.  8.  Dorsal  view;  a  little  enlarged.  The  upper  surface  of  ihe  carapace  is  re- 
moved. 

Fig.  9.  Last  abdominal  segment  and  caudal  parts  of  the  same  specimen;  en- 
larged. 
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PLATE  39. 

EupROt'xPS  Danje,  3ff^rk  (Tvd  Worthen, 

Page  170. 
Fig.  !.     Porsal  view;  natural  size;  partially  rcHtored. 

ErPRO()PS  COLLETTI,    WhUe, 

Page  172. 
Fig.  2.     View  of  the  tjpe  Fpecimen ;  nataral  size. 

DiTHYROCARis  CARBONARIUAB,  Meek  and  Worthen, 

Page  178. 
Fig.  3.     Ui)i>er  view  of  tel-^on  and  stylets;  natural  aire. 

PniLLii»sLi  (G1UFFITHIDE8?),  Sangamonensis,  Medc  and  Worthen. 

Page  174. 
Fig.  4.     rpi>er  view  of  the  hi^ad  ;  natural  size. 

Fig.  o.     Similar   view  of   the    poi*terior   portion  of   another  example;    with  the 
anterior  portion  flexed  under. 

Phillipsia  (Griffithides  ? )  scitula.  Meek  and  Worthen, 

Page  173. 

Figs'.  6,  7,  8  and  9.     Different  views  of  a  8peeinien,  showinff  the  body  rolled  to- 
githtr;  naluriil  size. 

Lkaia  '/kicartxata,  Meek  and  Worthen, 

P;.ge  167. 
Fig.  10.     Right  valve;  natural  size. 
Fig.  11.     Another  example;  enlarged  to  two  diameters. 
Fig.  12.     Dorsal  view  of  another  example;  similarly  enlarged. 
Fig.   13.     Ix'ft  valve;  natural  size. 
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